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AN ORAL/AURAL TERMINAL FACILITY 



D. T, CLE^ENTS 
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ABSTRACT: The Coast Community College dUtricl^isr^urrtfntly in the developmental stage of coi)figuring a 
telephone-to-computer *'0.ral/Aural'* terminal f^^ity which uses both Synthesized Voice Output and Voice 
Recognition technologies. The Voice Output side of the facility is ^pw installed within -the Adtoinistra- 
tive On-line System, U interfaces with touch-tone input to provide t^uery capabi}.i-ties for Counselors 
and^other district officials, the plan, of course, is to eliminate the touch-toiie constraint and allow 
the, users to vocally specify their commands. This pajxer deals with the district's experience to date, 
as well as the current developmental concepts, 



INTRODUCTION 
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4s we trace through the evolution of data 
.processing, it i.s interesting to consider the 
growtft of man-machine communications, for it ' 
is a muta'tion in which nan has t^en ever? 
dpminant. Instead of yielding to the maihine*s 
native tongue of endless^ ones and zeros, )we \. - 
have cultivated nuntfrous translators, \ 
interpreters and decoding devices to bring the 
machine cl.oseT tp our dialogues, thought * 
processes and perception. The eventual t|ltinatc 
in communication is unknown, "However, a facility 
which allows mart, the comfort of "conversing"^' . . 
with -the machine via his oral and aural (heai^ng) 
senses is now close to a reality, * , 

* 'Audio response or **^talking*' systems are not 
new. Voice Output became a practical reality in' 
the md 1960s 4nd enjoyed* a niild spurt of 
popularity. These early implement at io'ns (which ^ 
for the sake of later-'^delineation night be 
termed Traditional Aiicfio Response) were 
composed of sophisticated* storage "systems which 
were "loaded'* with pr<i-recoT;dcd syllables, 
words, phrases or perhaps full paragraphs, 
Each/"sound unit" was addressable* A host 
p;cogram then would* issue a request 'for a 
particular unit and it would be*"outpu^ or more 
properly, "played;*. In general, it was an 
analog procedure, • , , 

' A more recent development is' t;he Voice 
Synthesizer, This equipment differs from the 
Traditional Audio Response systems in that • 
there are 'T[0 pre-stored, pre-. recorded sounds* - 
It reacts only to digital excitement. The host 
program -de temin.es the phonetic structure-of 
its output by means of a vocabulary lookup 
procedure or pronunciation algorithm and sends 
a binary string of appropriate pronunciation 
•codes to the device for articulation ^ FiJ:ure one 
is presented to illustrate the difference 
J>ctveen the two Voice Output techniques. 



Voice Synthesis provides many advantages 
over the mentioned traditional systems, the 
most notable of \(hieh is that there is no limit 
on vocabulary size, Kord/prgnunciation tables 
can be easily stored on disk. The structure 
used at the Coast Community ^o liege district uses" 
an ENVIRON/1 Byte-string file and accommodates 
tl>e area 0^ 8000-10,000 words with their 
.phonetic codings pftr cylindtr of disk, 
^Another attractive feature is that an'intpr-fc 
active procedure may be quickly developed to add 
or refine voc£^ulary>^s it is being? accessed by 
other task^, * , 
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The*ability to jjynanically create sentences 
within ? host program must be considered a 
valuable asset. That is, <;onstant text nay be 
splice"tfK^h variable data to create a nefningfuj * 
output st^^,. 

Perhaps the^iaost convincing argument in 
favor of Voice Synthesis is its econom>'. The 
district currently uses a synthesiser called 
VOTRAX.' It is a product, of the Vocal Division 
of the Federal Screw Kork^ and may be purchased 
for $3500-$4000,, It is well under the cost of 
the other Traditional Audio R6sponse units 
comparable to IBM's 7770 vhich starts at a 
560,000 figure and can go as high as $230,000, 

The history of Voice Recognition is mainly 
all research and experimental systems. The v 
objective seems to be a truly cognitive facility 
capable of distinguishing all wprds, their 
meantnj; and the context in which they have been ^ 
used - tb respond to unconstrained speech »in a 
natural langtjage. The research continues today. 
Advances in the art of p'attem recognition 
and natural language processing, have undoubtedly 
bepn' helpful, but thjere" are still many 
obstaclis which need to be overcome. However, 
there are a few qonmercially available systems 
which are recent "spi'n-of^' results from this 
research and- within certain applications they are 
an attractive input device. In the early months 
of 1976, systems capable of recognizing any- 
where from 16 to 144 words are in commercial 
service^from a handful of vendors'. (IBM, by 
the way,' is rushing to join this market. They 
have had an experimental pi|>gram since 1972. 
Supposedly, the goal of their effoi't is a voice'- 
driven typewriter system capable of deli.vering 
rough, first-draft- type documents «9 

'A$id^*from the obvious comiayipication 
- advant*kges, computer voice-input 'offers some 
ther assHs which might not be thought^j?f 
i^ediatelyl'\0ne of these is that as a 
cleVk is blisy l<[PUtting vocally,' her hands 
are frqe to workS^ith source material - 
wherea$> in the traditional on-line data entry 
situation- hier hands were needed \ 
typewriter reconsider also, that 
miniii^zes per'^nel training an 
the tbquirement fp^ \hc cle 
skil-U', 



id 
to 



y the tele- 
Voice entry 
nay eliminate 
Kave typing 



The. district has recently pricurred a VE 200 
Voice Recognition. System f^on thd, Perception 
Technology Corporation, In- its <trrent ^tate, 
it is capable of distinguishing a\rocabulary of 
16 words. The standard vocabulary includes the 
digits zero thru nine and then si^ specified 
control words such as "enter»», "canto\i*, 
"repeat", ^c. The system is not limited to 
these words, only to the overall, vocabulary 
siie"of 16 words/utterances. Larger 
vocabularies may be obtained my increasing 
memory ^izc. It is capable of handling any 
defined user's speech pattern peculiarities 
with accuracy above 95%, 

The rest of this paper shall co(icentrate 
on ,the operational characteristics of the 
speech processors mentioned previously, the 



resources which they require, and a method of 
coupling the two to provide an Oral/AuraJ ter- 
minal facility, 

<f . • 

2. THE VOICE SYNTHESIZER \ ^. 

Phonetic' coding for the VOTEA)^ Voice Synthe- 
sizer is'shown in Figure 2, the device reacts 
directly to a coded string of phonemes, (A . 
phoneme is the smallest unit of speech,) There* 
are also pausing and inflection codes which may 
be included in 4;he string for clarity. Note 
that tl;e phonemes *an* pauses only use the low; . 
order six positions of an eight bit configura- 
tion. Inflection- codes utilize the high order 
two bit Structure and are properly OR»d to a 

' phoneme for a desired. sound. The example shown 
for pronouncing the word HELP- indicates the 

• pecess^ry inflection/phoneme notation and the* 
resulting binary codes. The H sound, of course^ 
mUst be stressed; tKus a" level 3, high 
inflection. Note also that two phonemes are 
required to ^accomplish .the diphthong vowel 

1 sound. 



► THERE ARE PHONEMES , 
PHONEME NAME 



AW 
AH 
AY 
A£ 
B 

etc. 
etc. 



(as in^ law) 

(as in car> 

(as in eight) 

(as in cat) 

(as in'bpok) 



► PAUSE CODES , 

PAUSE NAME ' " 

>A0 (sliort pause) 
PAl (med, pause) 
PA2 (long pause) 

► AHD INFLECTION CODES 

\ It^LECTION 

* INI (low) 

tnormal) . 
INS ■ (high) 
IN4 (higher) 



BINARY REPRESJENTATION 

'00111101 
00100100 
00100001 
00101110 
DOOOlllO 



BINARY REPRESENTATION' 

00000011 
00111110 
. 00110000 



•BINARY REPRESENTATION 

lODOOOOO 
11000000 
00000000 
• OIGOOOOO 



EXAMPLE ; The yjord HELP is constructed as 
V ' follows: 



^ inflection 
phondme 



3 J_ 
H EHl 



1 

UH3 



•'ibinary OOOllOIrl^ 10000001 10100011 1001100^ 

loiooioi 



Rigure*2: Phonetic -coding and its binary 
rdpreseiitation 
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Tht device obviously belong^ in a real-time 
eavironment, and' there are many ways it can be' 
cofifi*gured. The district has initial voice- 
output configuration as shown in Figure 3, l^e 
synthesizer interfaces to a Bell 403 data setr 
and subsequent acoustical touch-tone inter- 
actipn. 



;/^Ttd, because of the- virtual nature of 
ENVIRON/1, searches for common words are often 
resolved in l?uffer store. 
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Figure 3: Voice Synthesiser and touch-tone 
interface. 



Figure 4 expands the view of the voice out- 
put to include the host Computer and the 
auxiliary storage needed to store vocabulary. 
EjivitoN/l is a Data Comrmni cat ions and task 
nagement softwaVe facility obta^iiied fVon 
|lNCOM Systems, Inc. The district uses 
:his package for its on-line administrative 
ipplications. The product also contains a 
;uperior disk accessing method -called Byte- 
;tring files which has been used effectively 
ko stor^'^cdbplary. The vocabulary ttbie- 
is structured with a prime hash algorithm, 
lit has been given the acronyraic-namc PJUST 
(Phonetic Hash Table) and has proven to be" 
an' cS(pedient organization for the random 
access tmf>osed by the Lookup procedure.' The 
table i^ maintained at a load factor below 
70% to enhance search perfoVTnance. The 
{jvera^e search is accommodated by 1.8 probes. 
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Figure 4: {Uos^ System with Voice Output 



Configuration. . 



A rather, traditional Lookup procedure is 
used. The application program invokes this 
procedure with a text/senteftce character 
string parameter. Scanning determines the 

* t<55ct elements. If a numeric is detected', it is 
testedJta. see if it is evenly divisable by 10 
(modulo- 10). If this is the<case, the. leading « 
dibit's nhonemes are concatenated with the 
phonemes of its pla^e indication-. For instance 
the numeric text 700 would be proijpunced 
"seven" "hundred". If an application program 
desires placa indication verbage in its output, 
it purposely uses this logic. For example, if 
the value 1,234 i^ .sent tb the Lookup pracedui^e 

'as 1000 200 30 4, it would be pronounce^ as ^ 
"one thousand" "two "hundred" "thirty" and thin 

%"four". Numeric text which- is not modulo-10 is 
pronounced digit by digit. 

f ■ ' ■ 

•hl^en^a "word" or loore properly a string of . 
contiguous characters bound ^by separators, ,is 
detected, it is used as a search at^ment into 
the PHAST vocabularyr* I^f the. search" is ' 
successful, the associated function of phonemes 
is oxij:put. Otherwise, the word is pronounced, 
or spel^led, character by character. 



Sepairators are used to issue natural pausing. 
The presence of a period effects a long pause, a 
comma obtains a mediunf pause, and all others 
such as hyphens, colon, blank, etc. result in 
a short pause; | 

Mention night be made at this point about 
' an automatic .pronunciation algorithm. Bell 
Labori tori es.' has published accounts -of a 
program which produces Synthetic English 
Spejech by Rule, Although the speech 
produced is not inflected, it is intelli- 
jgible on at least 97% of running text. It 
contains some 750 pronunciation rules and 
requires a lexicon structure for words whicP 
' ^re determined to be exceptions to the rule, . 
This is a- promising effort, 

3, THE VOICE RECOGNITION SYSTEM 

The VE 200 Voice Recognition System is 
composed of three major units; a small "ear 
box" containing the# speech ph)ce^ing 
circuits, a Digital Equipment PDP-8/E mini- 
computer; and an' interface betwe^. the two^. 
The system processes a word within 160 milli- 
seconds after vocal input of the word has^ 
ended. Its maximum rate is 120 words , 
minute, allowing at least 1/5 of a second 
between words. It is a^le to accept suc^ 
input via microphone or telephone with equal 
accuracy, The^ output^ is a four bit TTL coro^ 
^ patible register which presents tfye recognized 
word as a binary coded number from 0 to 17g, 

Word processing is accomplished by deter- 
mini^ng a spectral distribution «of the speech 
signal and then passing it through a bank of 
six bandpass filters. The filtered 'pptputs are 
^ recti fied^^ smoothed, sampled every ID mrii4^-^ 
seconds and stored into the PDP8. The mini- 
computer then calculates linear combinations 
of' the six channels and tabulates thtem to 
' form the x-y data points of a two dimensiopaL" 
space. . ., ^ 

Operationally, the system can be divided 
into two general modes;, Training and 
Recognition, It nliist, of course, be informed 
(or trained) of the 16 application words and 
each particular userVs- unique pronunciations 
before it can ever be expected to recognize 
them. I f 

*' Each user must go through a Training , 
session with the equipment*. Users having 
multiple applications^ need, to .undergo 
tra*ining -for \>ach vocabulary,, ■ Training 
sessions are quite straight forw^ard - the 
system is placed into Training mode and 
then prompts jthe user to pronounce the 16 
^words of his application vocabulary, in 
* sequence, one at a time. This process is 
then repeated two more times so that the , 
system has had an opportunity tp "hear** thix 
pronunciation of each word three times. Th^^ 
ptirpose for the repetition is to recognize 
possible variances. in the pronunciation, . 
The final tabulation' is called a User 
Voice Template, 



When the system is placed in recognition 
mode, s^ctual wor d ide ntification is mad« by the 
computer c(»nparing the/pattem of the received 
speech to the patterns within the User Voice 
Template currently resident in its memofy. 
The closest association is chosen, and its word 
sequence number (0*-17g) is output. 
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Figure 6: Voice* Recognitltop System Outline 
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4. THE OR^L/AURAL FACILITY j ♦ 

Figure '7 is presented to show the district's 
configuration whifh has been labeled the "Oral/ 
Aural" terminal; a combination of the two vocal 
processors mentioned previously, 'The user's 
single device is his telephone - and this is 
only for convenience, as'^he could also come to 
the compute* 'facility and talk into the system 
with a hardwired microphone/ 

There are four different procedural/data 
paths within the configuration. The first one 
indicated is the Voice Output medium ("a") 
described earlier. The next path "b" TOUCH ' 
TONE I^^PUT is an option for those users^ith 
a touch tone telepjione. Should' this option 
be selected, only the voice response side of 
the configuration is used. That is - the 
tojie input; the application prpgram process; the 
tone input; the application program^ procxjss; the 
word lookup^ procedure; and then the "a" path 
of digitized phonemes back out *(ref. Figures 3 
and 4), 



Th(K voice- in/ voice-out option utilizes 
paths "a'|, "c" and "d". Once the user is * 
identified, his template must initially be 
loaded into thetPDPS via path "c", Tljis is 
accompiished by realizing the user's sign>on 
number (described later), accessing his 
template stored on disk, and then outputting 
it to thb minicomputer's reception. This 
]>rocess, of course, enables the Vqic^ Recogni- 
tion path "d". Words may th^^b^poken, 
analyzed. and numerically incoded (0-17g) on to 
the hostf system. Voice response to the input 
is accomplished through tfie aforementioned 
lookup procedure and output path "a", 
« 

A note should be made that th.e "c" path is 
also used for device coi^trol from the host 
ENVIRON/1 system. The "d" path is also used ' 
as a result of Training sessions to store -user 
voice template on disk for subsequent access. 
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Figure 7: •Configuration of the Oral/Aural Terminal Facility 
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Unique procedures have been created (by the 
\sondor) to initially identify a User and his 
sign-on account number . A special "Joe 
^verage" template is established. 31iis ^ 
template contains only two words. Hie words 
are digit names which have relatively 
opposite phonetic structure;, for example, 
"two" and "five". The template" is devKJlgped 
during a special training session in which 
as manv users as can «be accumulated^ are 
requested to speak (input) their pronuncia- 
tions of the digit sounds. 

User sign-on account numbers are 
constructed solely v%ith the two selected 
digits and have a deterhined fixed lenjjth. 
RecilUnn the earlier example and assuming 
a sample length of sev^fr (7), some typical 
account numbers might be: 2552552, 5525552, 
22:^225, etc^ The number o^plpssible ^ 
account) nutflhe rs within this scheme would be 2 
wher^ n is the fixed lengtK. 

After system initialisation and also after 
every user sign-off, the "Joe Average" template 
is store^ into. the minicomputer to wait for a 
subsequent sign-on. the reliability of this . 
templafe is surprisingly good. However, should 
an erroneous number be received by the host 
system whicli ipaintains the user registry^^ the 
userMs prompted by the voico output tp speak^ 
more distinctly and try the sign-on again. 
Should the second try fail again, the occurrence 
is output to the Computer Operator's console 
log and instructions are sent to the Oral/ 
Apral configuratioYi to hang-up the line, 

S, Sll>tMARY 

htiat* has been presented in a modeU At this 
writing in early 1976, the corifigurati9n.^does 
not physically exist. Thef^ voice-output sa<fe 
IS operational in a student information inquiry 
application. The voice recognition system is 
op&rational in a stand alone mode only and 
work still remains to be done on the host 
system handling procedures. , Unfortunately, 
the Qon^iguration*s^ development is often 
' set aside because of other priorities, 
rt Is hoped, however, that a performing 
configuration will be demonstratable by the 
end of 1976. / 
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ABSTRACT: The microprocossorn decendant of Inexpensivo caldulator technology, is finding its way, 
Ijito a n]on:»iad of applications In our lives, from electronic games to grocery scales. Using it 
along with familiar tyjJes of support circuitrj'. Inexpensive and yet relatively sophisticated » * 
computersi microcomputers result. Some of the history and impact of these microprocessors 
and microcomputers In the field of education is discussed along with a practical application. 
The application is in the area of tsextile and fabric arts, namely a weavinjs simulator. 



Pick up virtually any computer or electronics 
publication and you >dll find a barrage. of a*- 
tisles, cplumns and advertizements regarding 
ttie ndcrocomputer. I'iany of you may be intim- 
ately familiar with the mlcrocon^t^r and micro- 
processor but let me review ,the tenia and 
describe the t;iiatory of the beasties. That >my 
. those alread/ familiar can understand me bet- 
ter and those who arerft can catch up. 

As in much or what we do, there is an apjSrec- 
iablLe fuzzj? area in the terminology s)irrouhding 
the microprocessor. Therefore, let ma define 
what I mean. I use the term mici^bprocesaor ,1{0 

\ describe a family of electronic conqponente 
that provide the baaio coirputer-like digital 

, operations. That is performing an operation 
or series of operat^ions in response to a coded 
instruction* I am certain that there, aro 
much more elegant definitions but I am 
purposely being vague^ so as to include a widp 
variety of coji^onents* available •They range 
from little more tlwm a four bit slice of an 
arithmatio-logio-unit (ALU) to a virtually 
conplete oonimter devioe contained m a siliooa 
chip roughly five mm* on a side* Nona of these 

.devices oan operate oon^xLetely aloxie, all req- 
uiring some form of input and output devioee* 
Whan ooni)lned with these devices, I refer to 
the result as a mioroootnputar. « 

* > ^ * 

Eaqb^of us probably has a different mental . 
concept of a ndorocorqputar bases on our pre- 
ocQcaivad ideas about coeimters* Most niodom 
ooiqpatlng derLcas have four raoo£nisabla ^ 
features that a]^ found In the nlorocoi^nxtert 
1* An arithrntio-logiarunit (iLQ) that 
aotually peo^ormo the required opex^tioos 
on appropriate operands* ' ^ 

2 * A stored prog^m whioh exec utas the 
operation instructions* 

A readabla^and wrltatLla i^tcraga aran* 
ti. Soma navt of input and out^u^ to the 
"outside world"* 
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Let us look at tl)^ olieapast (that I know of) , 
sophisticated mtorooomputar available to 
identify these features* l^ioal total 
price? About 7*95 dollars, at any good discount 
slore* lbi3 foarral of electronics ijs the 
pocket calculator* Lookjbig at the topology of 
integrated ciroult within the unit you alaost 
always can idently the logic area (AIAI), the pro- 
'gram area (Raad-Qoly Momoty), the storage area 
^^AM), and the J/0 circuits* The Integrated 
circuit has been pux^posely designed with these 
features in i^d so that the manufaotoraer will 
have the lowtf^ total costs as I will explain 
later* THINK ABOUT THIS; the oalculL&tor as a 
nd.croooii;)Utar oon^leta with input and output 
davioaa represents i^obably the largest volurao 
growth of oocpitars in education ^that we wUl 
see for acne tima* I'll talk about othtr appl<- 
loatlona shortly* ' - , . / 

It appears to ma that there la primarily Snly 
one reason we will see the inoMaslng use of 
the ndoroooii|)uter In edooatlont cost* dure 
nmr cheap* ootzinxters will allow all kinds of 
cdnputer training to occur at all levels but 
It le atUl pcraotioal only because odf low 
cost* In addition, the -notiimtlon behind 
the recent rapid development of the nLoroproc- 
cesdor has been the same desire to lower 
oosts* In the late sixties (1968 and on) 
the aemloondbctor Industry was perfecting the 
taohniquas of large scale Integration (L3I) 
Using iiital oxide eenLoot>duotor technology (H)S)t 
Thl3 allowed the lii|>lenintatlcn of many electronic 
funotlona on a alxj^ device, drastically reducing 
the nuiil>er of oop{>onanta required* IVonlsad ra- 
duoad syntan costs brought^ soarei of duat- 
omars to the suppliers, each with his unique 
set of 'requlransnts* Mijcr problems inq||rred 
at that time ware typically ndnor loglo errors 
' or human errors In translating loglo into olr- 
oultxy* The net result was, taowater* Itubstantial 
debusing and redesign opsts along with associated 
delays* lb became evldant to the semLconduotor 
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faoturer rather qulokly that two thifigs W9re 
happening: ^ ^ 

!• He had nusy o\|5ic:^mrs vhoee ai>plioatioQ8 
>»ro very alnilar, dlffeftng only In detalla. ^ 
Thlfl waa particularly true of oalottLator 
mnufacturera. 

\^ 2, He having to twdntaln & lal»ge amount 
or hla reeouroea devoted to deteotJng ndnor er- 
rors which often did not relate directly to-^lpine 
oustonoer requiretaint* ilh ottjer wcrda he ywas^ often 
"reinreitting the wheel." j^""^^ 



Apparently the ideas of tislng a computer-like 
approach to the appUoation of caloulator . 
circuits were develeoped by serveral oon^sanies 
about the sane tine# However it is apparent thai^^ 
Jhtel Corporation was the first to piabHoany ^ 
aclmowledgd the fact that the resulting circuit 
was useful in wny types of applioaticos besides, 
a calculator and adrertizod as such* The circuit 
was ahnounood not as a calculator circuit set 
but as a Ddoropcrocessor. ^ ' 

^at advantages resulted f^on this dsvelopnant? 
Well first the HDS conpany could have a flmxlAy 
of ^circuits that did not have to be covplet&ly 
redesigned for each custorme* The ALU part 
was thiO saw for ftU and the custonsr could«< 
fit* this processor to hiA application* 
Many times the only changes required were on 
an external prograo storage RQH» Other oore 
subtle cost savdbgs occurred as well* For 
instance the task of msk generation and check- 
out was reduoedy test generation was sinpltfied, 
cost redactions that result f^m large production 
runs of ^ circuit resulted^ doounentation was sIjih 
pUfied and on-and.on« ^ 

Perhaps one of the finest advantages was that sAoe 
the actual operation 'control was stored in a HOH> 
the whole system could be sinixlated coD^xLstely 
using all of the contponents except the RCA« A 
QpK efouiator which iA basioaUy a xwad-wite 
nmoxy was hooked up in place of the RCK axtd any 
preg^ faixlts cou3^ be chafiged^biifprt building 
the actual ROM* Early attenpU/Kt**^ttinXati^ 
of oufftoniMr circuits before the^iicr^pof^i^saor 
were often only approocimte and^'soiitdAee took 
longeoi* to check out i^ban to build the^actual 
devioe* f 

Disadvantages?' Of coursel Muiy potential users 
bemoans distnayod because of low clrrndt speeds » 
po^imatite instruction 8ete> word size and their 
. ud^eedlUril^ with such a derloe* However^ often 
^ A slightly dlff erect approach to their pr6b« 
^lern allowed ocooondoal use of the nxlcroprooessor* 
/ Input and output ^ the early ndoroprooessos^ was . 
/ not always easy so ^that there vas a large aiftntit 
of support oirtmltzy requiredi^ yei the revtOUxtion 
and a revolution it is - was begun* 

AND NOW*»» 

Newer cdorcprooeseor (iesigns^with bit lengths ^ 
16 bits and speeds ranging ever hii^er ere avail-^ 
able boWf Popular ei^ oit pccooessors ^in n*<H)3 
technology ha^re shortest instruction times of 
less than two' tdoroeeconds* Sons devices require 



only one pow^r supply and most have a wide 
variety ^of support circuitry. For instance, 
16 to 2U lines of pro^aimnble inpit and 
output are available in one package with pro- 
vision for handshaking* Or anothert a sin^ 
device which handles all the requirements 
for interfacing with a remote terminal, including 
parity bits* Direct memory access controllers, 
reprogranaable R0M3, progranmble timers, a 
mass of new ^standard" circuits are appearing . 
daily* 

There are nloroprooessors that simalatcT 
thelnstruotion set of coc|3uters like the H)P 8* . 
There are mioroprooessors which have all dif- 
ferent Unds of addreds'Ihg modes: immediate, ^ 
direct, extended, relative, indexed* Some have 
inteomal stacks, niiltj^fsle accusulators, you name 
it* Some allow periphers to be treated as a , ' * 
memory address* The features are endless* 
It ie, in fact, truely reroarkaU^ that the 
devices presently available are so powerful 
an we mey be sure that even better devices are 
on their way* Because so nach information is \ 
readily available, I will not go into specifics' 
about these devices in this paper* 

Ok, so the circuits are there^ are they cheap? 
AlmostU In single quantites meoiufacturer reps 
are selling some mioroprooessors for $30* op less* 
Itiey are selling kits which contain chipsets , 
(usually enough to get them to do sonsi^iing 
at around $100 and xcp.^ But for the person who 
wants .his computer relatively coD^te, the 
prioe tag etarts about color T7 mage ($2?0 t^))* 
**WeILy you say 'thats pretty che^p" and it iSf 
A cleaver person can accumolate enough other 
eleotronios to interface^ this coniKcter to' keyboards, 
TVs, typewriters and the* like* If he has a teler.. 
type or a large checking account to buy one 
(2 to 5 times the cost of theicon^iuter kit I) he 
can hook right on* An entranbneur*s playgi^oand^ 
there are alreactyliterallj^/^ut^^ of con^panies 
simplying hardware, '^e^fttmre, peripherals, 
kits, lessons, lectures and whatever elee you 
will buy* There is a co&piter store next to 
a plant shop not far f^m mel 

There are' cheap cbtqputers available and thi^^ 
in itself is a revolution* The possibilities 
for the teaclvlng of conputer operation, of loioal 
thought, and of games are staggering* But I 
believe there is more in the wings* Already 
the personal caloulator has invaded the oapfms 
and school room***wbats a slide rule? This is 
a nunber crunching .edaoationol tool * I am for 
a little oreaJMe thou^ to get the mioroqomputer 

. out of the ooppxter-think applications and ito 
more tools* l^ple over the country are \ 
starting to do .this in their hobby rooms and 
clubs in soiae areas of arts masio, poetry and 
pattern generation* With miidconputier like powei^ 
available, ±ts ootdng* How ibout.some-oth^r 
applications in ^dueation; How lOiqut tecahing 
msichines, electronlo tutors, *** Iftiat Jobs cost 
money that wtnld cost less done electronically? 
What tasIcB ooulU be done b(}th better end cheaper? 

, 1 believe the mloroprooes9or and nioroccii|>uter 
will ppovide many such inexp«isive solutions * 
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In tl)6 taaohizig of handHoaving on a loomj one ot 
the DK)^ dirnoult things to Itaxn'is b«v to gtn- 
erata ^ttems* Aa is ^sqxLalned l?elavrj only bartain 
oofcbinations of treads may bo nanlpulatod at aay 
tiro 80 tha design is said to be loom oonstrainad* \ 
On arwtn siiiplB loons^ howersr ^ the nunter of ooDi)in-'" 
atLocm of veaving patterns 'is virtn^ny endlei»ii« 
!nitreiifl a mthod of transfortdng a desired pattern 
into k ^m&rlns prooedure oa3Lled pattern drafting* 
lioi4 ±B|x3rtant that the sttuSsnt Istai this skUl 
so that ruU use of the loom oan be aohiered* 
However^ until aonsidsrabls expertise is tu3hiBvedj 
the only good way to cheok a pattern draft is to * 

-wMnre-it*' !IIhe 'student -oast-go through the-long- ^ 

and error prone tasks of threadijig the loom^ tying 

"^'thramtrolB^'and'TfBaTlngi — if-onlythan'an~errar 
is found it is taore ^o^ess ,hAck to ground zero; 
!Ih an eduoational ettrironmsnt, this moans delays 
tQ> to a waak and unnBcessay use of the loops* Since 
looms are .relativoHy expensive, the teacher is 
prone to ignorwthis iin)ortant part, of weaving ' 

' or to lindt the class' size or to sp^ more cap- 
ital. ' - 



I have attenpted to dovelop a tool Triiioh will al- 
lisviate* the above problem* \Jith it the; student 
or artist oan sinolate his threading, tieup and 
weaving sequenoe in a natter of minutes usiLng 
i krf^^board as an input and a standard telan^;Ubn, , 
reoeiver As an output* Ttie goal of the system 
vaOs a ^1>are-bon08** appiroach to the hardware* - 

«To understand what' the oitoolator most do, let us 
revlev the basic concept of weaving* A weaving 
consists of a- lengthwise sM ^ thre^ (the warp) 
and a crosmds^ fill of threads Cthe ilaft)* ^e 
weft is held in pllaoe and the patter develop^ 

„hy passing indbidual waxi)| threads .either cper . 

' .car un^S^ .weft* This* over Anvier result is acr , 
cotrplished by raising selected warp ^threadsb^ore 
'the shuttle carrying tbe weft is itocwn* 
lifting pf each warp thread is controlled py a 

^raall*!;xmblB piaoe oallecLa hrf|Idle* ^e warp 

( is threaded through t^he heddle** In Qovnon hand 
looms ujsed in classes jt^e heddle nay be cotmected 
to .an xiotuating pieoe balled a h%]^ss* Tt^ere 
are Usually 2,11 er*8 ham^es on a loom^ l^oal 
wa^n^ oounts of ..uf" to 1$ pw* inch are common* 
On a N liamess 3^m, ft?om *ooe to N-1 harnesses may 
be lifted at ^h shuttle throw* To further ai d 

. the weaver , a series of footpsdals ie provided . 
so thajt* one ore more harnesses oan be lifted 
with one action (AJLao- so you don* need N-1 hands ^ 

Vor'feet}* Ttes^^^^^dals are oalled 'treadles* 

fhe \;eaver nist determine which ifarp'' threads must 
,^be lifted at each pass of tbe shutUev ij: a- y t- 
*'teni'can be done ^JHsh^mess- locmr, there D|ist 
be-*N- or* lees* Oottfcihtlioift of harness Mfting > 
re<iuired (ignoriiig t&pestry tec<?niques)* With 
oonpXtoc pattern it is easy to see'/how hard this 
i^to detendne* 3BI{ has a large pftrogram devoted 
to this Vtaekp 



^^ving as deeoribed nbove 
a oporSlnate grid where the 
ovw th^ weft could be 
and the* qpposite.oase as a 




represented as 
of the warp^ 
as a zero 

This grid or * 



nj[^ix of enes and zeros oonpletely describes 
-UieS^e^ttem If given the' parameters of density^ 
color and thread sjae of the warp and w«^. 
Conpiter oriented? of course and you may know ^ 
that Bgfim conr«?er^oticep^ dev^ileped from 
the teoctile industry* 

The ralcroprooessor used.(hote uddroprpc- 

easor not wiepocomwier) loada^a matrix in • * 

with the approporiLate pattern as the/ 
weaving progresses* A keiyboard is scajmed^ • 
during the^ vertical retrace time of the televisions 
set* action is required, the processor > , 
attends the task via siftred programs in. ROH* 
''Beoatisa sons tasks last longer than the 
retrace time, *the intern^ feature is used 
jto .store _the program state in stack until the 
naoct'one* There ia no notioal^ie iSgTiowever* 

A typical session with the simulator goes like- 

this: • . ' 

1* Clear the machine (automatic if turn ' 

on)w 

2* Set up the w^ shade, size and spacing* 

3* Set up warp/harness pattern*^ * - 

U. Set 15) the hamess/treaddlr pattern * * 

$ *>ot up the weft shaSe an^. s^e.* 

6. Jft a set of harnesses or treaddle,-'. 

7« Weave. . ' . • 

St'^ps 6 and ^7 are then repeated, cnap^ing 

the weft specification when desired. Should 

the pattern not be suitable or have a mistake 

there are 'edditing se^quehces to make changes 

quite painless; The student has an opport<-« 

unity to experiment ^ make errors'withoul^ ' 

the frustration of dwng it on the loom* 

The miorop)?oce8sor nist k^ep Wack of the 
warp/hamess threading, ORing/together All, of ^ 

'the warp threads ^whiplj wudj/oe lifted and ' , 
apply^lng'th<5 patteni to/we Bt^*ix* Also the ^ 

"ours^t -warp line must bfr'-^^red to control *' * 
the display, appropriate changes be »nade on ^ 
deniand as well as other bookJe^|2Cg tasks* 
A feature also allows the dispny of the > 
back of tbe "fabric"**^ Details if the kinds > 
of instructiotla executed wi^ bel^nbre fully 
described in the presenta^on* 

On^^ijadtation of tiie, U3S micropx 3^s/fs ^ 
available is that they^ cannot re& lily urectly 
control the video signal. 'This'ii because ^ 
there are too many internal and e eternal ins- 
truction ' fetches associa^d wit i« moving , 
data for the 50^Bom ndcrosecondi of horizontal 
sweep. DM/l is, used to output eim 8 bit 
wordf for each display line* One liiord is used, 
to indicate the bametfs coobination, one for^ 
the warp jlnf ormation. and control and the ^ 
other six for the pattern to, be displayed* 

counters and registers are used to control 
the DHA^artd video signal gan^ation* ^An ISI 
circuit is used to provide the horizon^l and . 
vertical synchronization* ^ * * 

WHERE NOW? ; Hicb. can be done to extent thili I | 
device (and increase its. <Sost)* For instance' . 
color may ,be added with little more^ ooti|>lap.iy 
^ aha a teletype output for hard Copy of the ' • 
pattern would be nice* There are large programs 
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of inUraotlT* tcxtili dtad^n tron IBM and 
r«c«itl7 an ijaUmvtinf VMTing progran 
^ has baao vritttnlqr K# Haff #t tha tfalTsraity 
-of Kanmm. Tbax both, r^qolr* larga ganaral 
parpoM co^xit«r8 at this tlM^ An adranUca . 
0^ 4»Tloa is.itf siMy ooet andP oloaanaaa 
to tbi aotual vaavlag prooasa^. Bat I asf ooet 
intaraatad in eoqpandlng.-^ nl^QroFroooBBor 
into dealg ams with oa p^>>^^^•^^^^ft ^didlar • 

^ to tbe EIFI£R and MDOEZFLOE paragranB of 
Kan KioltoQ (Ball laba), Tha modalar daslgiv 
of tba.VlMTing siiaUitor vill allow ax- » 
ploratlon (oardon tba jno) of this araa 

^ 4f tb%arta» 

* 

I ballanra tbe tin is zdpa tar tbe oreatlto 
« Bdndo In tba. electronioaj coqxctar and edoca- 
tional fialda t6 app3or this powarful ooi|>oQent 
in prorlding naif edocational tools. I bppa it 
is a oTiallaQga to you- 'it ia ^ bi^. 



would Ii]c8 to aknp9i)e<fge the. Mid and donation 
of Bdoroprooeaaor ooqxxwnts bgr Aibaxlcan 
Mioro 5j5te i g Incorporate dj Santa 01»x%, CA» 
Their S6800 mloroprooeaBor foms tbe basis 
of tbe eqfoi^xmt dtfsoribed. , ^< ' ' 
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MICROPROCESSOR BASED EDUCATIONAL TERHim 



B.K. Funk 
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ABSTRACT: The advent of the inexpensive microprocessor can lead to the development of a terminal designed 
for rather than adapted to the educational field. A resident microprocessor can allow easy expansion 
from a basic display teijninal to one that included present input/output devices such as random accesa- 
> visuals, touch panels, audio output, and graphics, swhile allowing;, for inclusion of sj^stems to be deve- 
loped in the 'future, such as video diso. * * • , 
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INTRpDOCJION 



I present this paper with the basic premise that 
all present would greatly benefit from the deve- 
lopment of w^at I will call a complete educational 
terminal. To« paraphrase a statement made in one 
« of" the excellent studies by the University of 
Texas, Project C-BE, "teachers are too often 
loaded ^down with the Jobs of assigning, grading, 
and giving students feedback on homework and tests 
when a good combination of a computet system' and 
as educational' terminal can perform these tasks as 
well .aa or better than the instructor. Removing 
the mundane chores from the teachers role frees 
the teacher for work in the activities where they 
• perform best J providing insigfit into difficiilt ^ ^j. 
concepts, transmitting^ an understanding of a"^tract 
idtes, and ^ust plain firing iq) or inspiring^ 
fl.tudents^" h) 

'1. propose "to spend the next few dinutes talking 
about three related subjects, ^irst I will 
describe what will be»* for the purpose of this ' 
talk, a Sbomplete" computer terminal. developed for 
the educational field. Due to the 3*apid pace of 
wchnology I. may inadvertently leave out some new 

^device or another, but the system wilT be coi^lete 
enough to allow ihp necessary points .to be made^. ' , 
Secondly, I will txy to show some of the problems 
encountered during the development and manufacture 
of aa complex a system^ .this. As the prospecUve 

'Customer, yqji would normia^'ttoi be involved in 
these types of problemaj but.periiaps th^s will help 

• you to understand why-ftere -are no widel^^epted . 
' educational terminals available presently. ^ am 

not forgetting tl\at the'iJe are several vendors that 
have successful inatajlations usinfe general purpose 
computer terminals^ such as the ChicagoBoard of 
Education's installatiok of UnivaorO-lfllrDiBplay . 
Temlinald. I do feel that until an inexpensive 
terminal is developed wlth'the education Tield in 
mind, the potenUal benkit from CAl will not be 
realized. Finally, I w^l try to show how the use 
of one -of 'the newlo^ dev«l«3>fld microprocessor* a^jd 
*^;4£»s associated circuitry tan be used to- solve the .« 
^ problems alluded to above ab4 lead to development 
of the desired 'odvusational torainal. • >^ 
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II. EDUCATIONAL COMPUTER TERMINAL ~ - 

41ie components in the bas;ic configuration gf bur 
complete educational terminal should be a type- [ 
writer style keyboard and televisiod style dis- 
play device. Thia terminal could •look like toy 
numbdr of plain vanilla CRT terminals now avail- 
able. J propose a television style CRT device 

' rather/than the newer Plasma Display, because I 
feel itxkt until there ire some significant break- 
throughs in Plasma Display Technology, the ^rice 
of the.PJLasma Display will limit' its use in the 

> school room. This decision nU3t be re-evaluated 

' often but is valid now. In order to .gain entry 
into most school systems, this terminal 'will have 
to be priced in the '$2000 or lees' range. The > 
terminal should be able to oi^rate under control 
of a remote host computer, which may already be 
in the system handUjig pa^^ll and other, standard 
computer Jobs, It^ould also be - able to 
operate under the control of a minieontroZler in 
the systems where budgete prohibit large main- 
frame installations,' The terminals communication 
protocol should be easy tP change, to allow 
operation on whatever communications system the 
customer has in use. finally, af,t*r all of these 
simple requirements are met, the terminal mxist have 
the c^ahility to be" enhanced with all the special 

» peripherals that make the Cvducational terminal 
unique. Any or all of " the peripherals should be 
options, restricted only by the requireiaents of the- 
sc"hodl system. 

Educatidnal Peripherials 
» ' Input Devices 

Most .of the input derices'deflned here have the " 
advantage that they are not only effective in saving 
tine *and sirmlifying a taak^ Tmt they are also fun 
-to operate. The first,, a touch .panel, is a device 
ifl^plac^Ki^ front of a display surface and, 
^aot obstructing the vision of the person ^ 
looktog ifci the display, sensea the position of a 
finler^ \ther pointing device a« the operator 
toshes th^qre a on .the screen corresponding to " 
the desiredvoptft. There are several technologies 
that pan be Uted^tb develop 'a touch panel, most 
of them invol^g placing light sources on a 



couple of sides of the display find detec^ixig 
""""-^ijadows on the other sides caused by reaching 
^ thrdugb^ther* light beams to touch 'the display sur- 
face. 

.* ^"^^ 
Another input devi^:e-.^hat is used to replace 
or supplement t^ie terminaT Ic^board is the two axis 
control stick, Or as it is more Cr^cnionly knowrf, 
the Joysticks The- joystick, identical ^^the onds 
* on so many of the computer games, replaces^the^;^ 
cursor positioning keys found on most display 
terminals • As the joystick is moved forward or 
«^ckward or left or right, or combinations of 
* these, the cursor (position indicator) on the CRT 
moves in a corresponding direction- The j'oy stick . 
can be moved to place the "ci>rsor in the box or 
area on the screen associated with the right ans\)er 
or ano^)^^""te5ired input, A. separate button 
is then pushed to indicate that an answer has been 
selected and the student is ready for the computer 
-to check his or het choice. 

i » . * 

Other exotic input devices that may find use 

in schools are light pens and graphic tablets. 

Light pens" are used for the sane purposes as the 

. touch prahpl, but instead of using your finger to 

touch the display, a special wand must be used. 

An application dnd one of the methods of operation 

of the* graphic^ tablet will be covered later in 

this paper. 



'As needs change the requirements on the key- 
board may vary. Kodak, for their Kodak inter- 
active Learning Terminal, developed an ovei*lay for 
their standard keyboard that could be used by very 
young children. The complicaljpd typewriter style 
keybQard Was jcovered by the .overlay and only had. 
5 or 6 large round keys, each ab^out an inch in- 
diameter, for the student to concern himself with. 
The student then only had to relate the co'rrect 
answer to the number on the Vey or the color of 
the key. Keyboards on terainals that will be us^d 
for foreign languages, mathamatics, and^sone- ad- 
vanced science classes^ among others, must have 
keys on which the symbolic representation can^. 
, be easily changed. There must also be a means 
whereby instructor^ can develop special symbols 
or sets of symbols and represent them on the key- 
board with relative ease. 

Educational Peripherals - Output Devices 

The output devices required on the educational 
•terminael are perhaps not as fun as the input ^ 
devices, but they are certainly as unique. 1 ♦ 
know of no other marketplace, other than education, 
for a terminal that tfijcs.baek and shows still 
or moving pictures. All of "these are faecessary. 
According to a presentation by.D. Monson at the 
IEEE 1975 Region Six Conference > "the ability 
to remember in^ruotions 72 hours after it is given 
is high*er if tfje inforpation is heard and seen 
rather than either hoard or seen/Wlone. Recall 
aften^J days in thi^ particular^tudy was about ' 
lOjC is the material was heard, abojfit 20jC if seen, 
and 65JC if both seen and heard." ^ This is rea- 
sonable oVidenfte that educational terminals oust 
have both visual and audio output. ' % 

After listening to several types of computer 
stored 4nd computer generated audio output 
devices it is the author's opinion that only 



recorded voice is^good enough to use for ,an edu- 
cational terminal. College and setondary school 
students may be able to adapt to computer gen- 
erated audio, but gr'ade school children (espec- 
ially in t?he first few grades) might be adversly 
effected. In these early years we should be 
careful to not confront them with, a„l«aming 
,tool that cannot by tW? nature o^ the device 
follow all of the rules of diction. Once again, 
a device developed* by Dr. Gpddard at Kodak for 
their e^q^eriioental tennina3^as a desireable set . 
of parameters. The Kodak audio output device, 
^itoder coii5)uter control ^ can generate any of over 
ICQ audi^^es sages, each up to 9 seconds in 
length. iW-^ime required to access each audio • 
message is quick^^ough (under lA' second) 
that statements long^^an 9 seconds can be 
•developed by butting mess^age^s togethSr., This 
still allows for very natural Sound. The com- 
bination of a device with high speed random 
access and the tonal quality, of rec9rded 
voice jwould seem to be necessary in an educational 

terminal being used by students of all ages. 
• . t 

There are many wayS to enhance the video 
'images' normally, ^een on a CRT display ^ The 
most common*of these is to offer^sone t^e Of 
graphic capability.' Agiin, there are several / 
ways tp accomplish this depending on th«i appli- 
cation. For primary and secondary schools the 
ability to reproduce pictures .of lojaited complex- 

' i^tfjaay suffic^. Upper grades in high school* 
and *many college courses ma/ require irather • 
detailed graphical representations including 
color or at lea%t gray scale^ graphics. Arch- 
itecture and perhaps othe«r Sources require 
detailed' gr^hxcs plus the ability to move and 
rotate parts of the display and easily change • . 
size^of all or part of the ^isplay. , Cost 
prohibits a vendor from offering one device that 
will fill all th6 requireiaents in the school ^ 
graphics field. 4 complete educational terminal 

• vould have to* have -several options for graphics 
so that each system would only be chargeo for 
as sophisticated a system !as they required. 

^api^ps at its best will not allow fine . 
enongh detail to produce visuals required at most 
levels of school. This problto can be solved with 

, 35MM slides, microfilm, or microfiche. Due to the 
difficulty in developing a mechanism that will , 
rd!ndomly access slides in the tih^ required 
I will not include a slide projector ih my com- 
plete terminal. Concerning tine allowed to access 
either an audio or visual mess^e, ve vould hope 
to not make the student wait moce than one second 
for the device to react. Random access in this 
amount of time has l^en achieV^ ill f iche and . 
micrbfiim mechanisms. Either of theBe mediums 
displayed on a suitable surface should allow for 

" black and white or color views of sufficient 
detail to fill our needs That is not to say that 
the microfona devices spoken of above have been 
adapted to an educational terminal, but "that 
these parameters have been met for other ^appli- 
cations and thus could be built into our tex^minal. 
* 

Many school systems presently have another vis- 
ual-output device that has proved eTfeCtive in* 
certain subjects. The device 'is thes^^levision 
monitor that can be connected >to an edilcational 
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TV station, ^ k closed circuit TV network, 
or to a video tspe player; Since our teminal 
is built atound a televiaioil stylo CRT display 
deJ5.ce it is '*asy to provide the extra. coatrol 
to.tllow connection as a television monitor • 
Of course, it is too expensive a device to use only 
as a monitor replacement, but if it can be used 
as a monitor during' the hours that it is not in 
Use as a terminal, a cost savings should result. 

There are several input devices that may be 
on only terminals that fike used to generate 
lessons. These items could be put oo all the 
terminals sold but, due to cost, they will 
probably only be used on lesson building 
terminals. Th^ first of* these special input 
devices is ft gptf^iics tablet. As we envision 
the' tablet b^^g* used, a copy of the picture 
to be represented would be lAid ,6ti the tablet 
and^i^iiced with the graphiqs pen. As the 
pictur6 is traced, the internal microcomputer 
would translate the, output from the tablet into 
information that allows the picture to be stored 
in the host computer and painted on the CRT 
screen. «Once ^e teacher or media specialist 
has traced the graphic and is satisfied ^th 
the representation, a number could be assigned 
that picture and it could be included ifi tSe 
lesson plan for the associated cuurse. The 
other input device that would seem necessary for 
one preparing lessons, but not Sot students ^ 
taking the class ,is a special keyboard. Lesson 
generation would require a keyboard witl^ text 
editing capability. The ability to insert 
and delete characters or words both from the 
line and from the display, plus other editing 
features, would be essential fojr the teacher 
or persou building ther lesson but would be 
uiuiecMS&ry on most stupent terminals. 

The^ peripherals I consider to be in the 
future include the video disc and a voice input 
device. Although'Teldec is presently marketing 
a video disc in Germany and several firms are 
selling Toice input devices ^ in this country I 
feel that neitheiN>f tl\ese items are commerically 
available in a form that they could be used in 
the c<^t sensitive educational environment. 
Predictions are -that the video disc players and 
the dis^s themselves will be commercially 
available to the instructional market with all 
serious problems solved, by I98O. That fits into 
what I would consider not this years educational 
terminal but thft ne:tt generation of terminals 
available inwtfee early 19S0's. I can't even 
- guess when voice recognition will be advanced 
far enoitgh that a useful educational device 
will be available.. I hope to someday see a 
device tied to a termini! that any stixdent could 
talk into and the spoken word would appear oh 
the screen,' along with accent symbols showing 
exactly how the word had been spokan. This sort 
of device would allow deaf students to. receive 
immediate feedback to assist them in voice 
training. The video disc and the voice input 
device, amdug others, will be showing tip in , 
the near future and with these on our minds, 
we will go into the area of manufacturing 
problems that have plagued Uaivac and others 
until a shqrt time ago. 

' ^ « * • ^ 

# ♦ 



MAMJJACIURING PROBLEMS 

This section will briefly cover some of the ^ 
* problems associated wjlth ti hardware terminal. 
• I define hardware to. meetn that each separate 
terminal function has it's own are'a of control 
logic that is performed by a number of integrated 
circuits and otlier discrete components. There 
are three major areas in which problems are 
encountered. The problems occur in 'definition, 
in development, aiid in field support of the 
terminal .pfter delivery to the customer's office 
or classrojom. 

Definition Problems 

The first problem is encountered during 
initial definition of a new product. In response 
to a marketing request a development engineering 
team is assembled to define a product. Given the 
constraint that' funds do not usually exist to 
allow development Cf many different products, the 
functions of, the product that will be built must 
enconpeiss as broad a range as possible. At this 
point, in order to offer a single terminal that 
will fill a variety of applicatioivs, several things 
must happen. First, some of the specific 
requirements of eacb of the individual terminals 
must be sacrificed tp hold down the complexity 
of the general purpose device. Secondly, for 
those specific requirements that can't be sacri- 
ficed, the cost and coii{J)^exity of the general 
device must be increased.' This .means that the 
product not only does not "do what you would like it 
to, -but costs more than it should have to cost. 
Some of the problems mentioned could solved' 
if a market was established (well defined) and large 
enough to support a special ter^iinal designed 
just for that application* Unfortunately, the 
education m&rkqt in the past has not. seemed to 
fall into this crftagory. Banking and point , 
of sale terminals provide evidence that market 
sectors do exist that are ^large enotigh tq support 

. individualized terminals* 

t* " 

The type of peripherals to be attached to the 
basic terminal must also be determined during 
the definition phase. Since each interface to 
^ the tero^al must be well defined, any new input 
pr output device that cAtt'.t be so defined must be 
excluded. Once the interiSrces have been defined 
and the product is under development, any changes 
in the list of peripherals will require develop- 
ment to stop while all associated interfaces are 
changed to adapt to the new device* The result 
of these requirements are that terminals either are 
f) released with perjlpherals that ar^ behind the 
state-of-the-art in capability or are, 2) not 
ready on th&ir proposed completion date. The • 
educational terminal haa many unique .and rapidly 
developing peripherals. Perhaps, it has been' 
rejected as a development candidate because of 
the uniqueness of these peripherals and their 
limited appjLication, or because the technology 
related .tb '^hese peripherals is changing so 
fast that it is difficult 'to release a product 
wi^h state-of-the-art devices. 

Development Problems 

^fhsn the new product is fully defined some, 
members of the definition gro^, plus some 
design engi^ers began to build the product. The 
problem encountered by this group becomes one of 
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tine rather than function, since the functions, 
however painfully lioited, have been defined for 
them. In the development effort there are, with 
noQQ variation,- the following steps. The mech- 
anical, electrical ; and electroijic design must 
be, actually built to prove tHe feasibility of tiie 
initial definitions. After the device has 
been tested to the satisfaction of the group, a 
najor conmitn^nt must be made to pay for all the 
tooling necessary for mass product ion of the ter- 
»iint» Also, the printed circuit^oards that 
contain all the discrete components -that are, 
*in fact, the personality of the device must 
be built. The printed circuit cards are the means 
. to produce a reliable device inejqjensively and 
are the major stumbling blocks to ^ flexibl^e 
system. Once the. printed circuit (PC) cards are* 
avaiilable, all of the tests nrust be rerun to find 
all of the areas where, because of -the pec- j 
iilarities of the PC card, the device no longer • 
perfbrms the function correctly. Once the mod- 
ifications have been made to correct 'the device 
operation it is necessary to begin the development 
of printed circuit cards that will work without 
modifications.. This step is required because 
modiciationi; ma.-it be made by hand and are, therefore, 
veiy expensive. Finally the PC cards that have all 
corrections incorporated without hand modification 
must be fuily tested in the final version o5 the 
terminal and only after this time can the man- 
uCactixring facility, which has been preparing to 
build -this device, assign area and people to the 
product. It will be several months after this 
assignment id made before the first prod^icts 
are- ill; the field. The time involved for this- ^ 
process is 'considerable, and for terminals it • 
will gpner&lly be from 18 months to- two y^ars. \ 
As mentioned before * any time during development 
that it is decided that a newly released per-* 
ipheral is a mandatory addition, .the schedule 
beginis to 2^ngthen beyond the iilloted two years. 
Also, unless the product i$ in a well defined 
field, changes in the produ<ft will be suggested 
and at^'times dictated by Marketing,jtdue to 
knowledge gaiited from custmer inputs or by 
analyzing. ^dtape titers new products. Of course 
any changes incorporated v^ill also cause delays 
in the ?elea^of the product.; These delays in 
the schejAile^^ release of the product and ttie-long 
time require^.to bring a product to release are 
the problems referred to aa development problems. 

* Field Support Problem 

• ^e field support problem that I feel, is 
relevant' to this discussion,, is not the one we 
normally think of when we hekr of field support. 
Although problems of hardware faijlure and incor- 
rect operations are serious they are -not peculiar: 
to hardware teminale. The~problem 1 speak of is 
that of terminal operation that^ is exactly like 
the designer planned but different than the cust- 
omer understood when he Comnited to the piece 
of hardware ♦ It is of no importance whether the 
problem arises from over zealous sales personnc^ 
poorly ym^n documentation, 6r customers uho 
aren't sure what they meant The* problem does, ari^e 
and unfbrtuatelyy- the •solution is beneficial 
^ tp •no one. Either the customer must change his 

system to accomodate the undesired terminal, 
\ the seller muat, remove hi^i terminal which wastes 
much of the customers terminal selection times. 



0^ the customer must pay to have e3q)en8ive 
hand modifications made to his device so it fills 
his requirements. None of the above are desire- 
able and dealings like these tend to leave a bad 
taste in everybody* a mouth.. One alternative to 
heirduare terminals may be the new intelligent 
terminals. From my point of view, terminals which 
can be prograa ped by the customer cr *the seller 
to foolc llicti afo^ing the ^stomer desire sj have a * 
pair of limiting faults. Tne first is that they 
are -a bit more ejqjensive than a comparable 
terminal that is not customer programmable. The 
second fault, also related to esq^ense, is that 
in order to use their fuJLl capability a programmer 
or group of progranners must be hired* to write all 
the code that controls ther terminal. The solution i 
discussed would be the microcomputer controlled , " 
programmed terminal. ^ ^ 



For those who aren't familiar with the* term- 
inology, I will define both microprocessor^ and 
microcomputer. The microprocessor is a single 
or 'in some cases several integrated circuits ,(IC) • 
Each IC is, at most, about three .inches l^ng, 
one inch wide and about i inch high. These 
'devices can internally perform the same functions 
that can be performed by large computers. 
However, a microprocessor cannot joperate without . ^ 
some, additionerl circuitry and other ICs, 
When the necessary control circuits, stoji^'age ^ 
and working memory, poWer suppQ.ies, and an inter- 
face that allows connection of peripheral 
devices have all been added to the microprocessor 
you have a microcomputer. Although this may 
, sound like the microcon^uter has grown into 
a large device, it is^easy, to develop a micro- 
. computer that fits onione*printed circuit card 
about 7 .by 11 inches (excluding power •''suppl^ . 
Add a few more of the ^same size cards with 
additional memory and you have a system that is 
more powerful and operates considerably f as.ter' than 
a cpmputer of the early 1960s (that fit in several 
cabinota. each, three feet wide by two feet deep _ 
by six feet tallV. Fortufiately, our application 
will not even, require the'extra PC cards .for 
memory so it will, be very compact. 

Microcomputer Advantages and Applications 

*. 

Microcomputers, like computers, can be used 
in a variety of applications *and do many different 
* types of Jobs« Their capabilities allow them to 
do number crunching Jobs ot one' end of the spectrum 
to controlling small peripherals on' the other end. 
Fortunately, they are inexpensive enough to 
ccmpej^ with the control circuitry normally used 
to control peripheral devices and do the job 
cheaper, better, or both. It is in this area 
that we will dwell while talking of solutions for * 
the problems couBtt^d in the previous section, tou 
may remember t|^LtAra defined our hardware terminal 
as one. in ^M^fii^^ separate hardware function 
is performCTT^^nuoier of integrand Circuits , 
and other discrete components. In the micro- 
cozsputer based terminal > almost all of the functions 
that would have been perfonptecl by that hardware 
are, done the microprocessor. Instead of ^ 
having a section ot hardware to react to every 
possible com^inatdon of keys, switches > 



azid other type of input or output stimuli, a part 
Tif the program (storjsd in program control memory) 
watches these stimuli and reacts* The advantages 
%to this system are twofold. First, the control 
circuits, and cqde storage chips to perform most 
fuhctions are one third or less in number and also 
offer considerably savings in physical space and 
power consumption. Secondly, and what tiiis whole 
paper has been aiming at, making changes in the 
code stored in the code storage' chips is* easy. 
To change a function or completely redefine a 
series of operations can be done in the code. 
Physically this'taeans that one or more ICs are 
removed from sockets' and replaced with others. 
Considering this, let us go back over the list of 
problems. Ho longer is it necessary to restrict 
our definitions to generalized pieces of hardware. 
Using some common components such as a basic frame 
and power supply, and some common control cards 
(i.e., microcojpputer card, control storage 
memory card, and communication interface cdrds) 
many different terminals can.be defined, each to 
meet the specific requirements of one application. 
In each instance the periphei^l control boards 
for the type of devices tiat are required for that 
specific application are developed. Since the 
terminal only meets the requirements of one exp- 
lication it should.be less expensive to build. Ve 
were concerned with peripherals that were only- 
partially defined a^ our development began. It is 
usually^ easy tp get a list of thd signals .that 
dei^^e the interface and even know what pins 
these signals will appear on* The difficulty . 
arises in finding exactly what each of the signals 
is and what the time relationship between them is* 
Our development can be well along and we can still 
change the code to control a defyice uitHout much, 
if any, effect on our scheduled release, i*f we . 
find that what we guessed the peripheral would do . 
in a particular instance was incotx*ect« Since 
OMT device is physically less codplBx it takes time 
to develop. Although it is difficult to Estimate 
the exact time, it will take td develop any 
product, since there are so many variables,^ I 
will give some approximate times so we^ can get 
a feeling of the advantages of the micro- 
computer based terminal* \ ' 

rim U D«T«lop (U aoatk*) \ 
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3 . X 1 

1-3 ' I i-a . I • -V 

. I * .5 I .5 ^ 

3 « 1 2 2 

. D«v«lo^ Itt Art/srk i 3-^ 2 ^\ 0 

»ulI4 T*tt l«t Xrtbtrk 2 2 0^ o 0 

D«vtUp Kfr. Artvorir * I .1 • 0 0 

•tdU ^ Utt Kf|. Artvtrk 1 10 0 

ToUl« I^IB U,-ia 

Note! Please remember that these figures are 
rough approximations and don't incl\ide the time 
necessary for the manufacturing facility to 
produce a product once they havev jreoeived aill of 
engineerings documentation on how it should be 
built. Although it iq ccom^on for the manofactmv 
ing people to bo working with Engineering during 
the entire development, it still takes some time 
aXter Engineering says the product is feady. before 
a tmit ifl ready for eustotaer delivery* 

As we study the table and, we see advan<^es that 
will help to solve problems in both developmejit 
and field support of the terminal. The clevelopmont 
time is shortened and, as was disc\ursed bbfqre. 



the time to add a new peripheral or modify a 
specific operation is lessened. Concerning field 
support and the problem of uhaj^ was wanted vs 
what was received, it is probable that the 
problem won't show up as often, since the* terminal 
is not a general purpose device, but one developed 
for a specific market* In the cases where the 
problem ?does arise, the time and cost to modify 
the terminal to fit the exact requirements will 
be small enough that the customer, or even the 
^Dauyfacturer if the order is large enough, may 
choo8e~TSr-pay-4^or^^eHaodifi^ ^ 



Summary * ' 

We began by defining what would be,, for our , 
purposes, a con^lete educational terminal. 
What made t}us terminal unique was the type 
of peripherals that must be attached* The perr 
ipherals ranged from input devices such as .the 
touch panel and Joystick to output devices such 
as microfilm projectors and audible message 
generators* The peripherals that are inithe wings 
for the next generation of terminals, the video 
disc and audio input devices, should also be' 
considered soihat as they are made commercially 
available they will attach to our terminal 
with a minimum cost to the Customer* 

Manufacturing problems fall into catagories 
of djsfinition, time loss, and adaptability. / 
It has be^n difficult to define a terminal' / 
that covered a broad enough niarket segment^ . ^,v(^ 
to be profitable and still include the special y 
peripherals requix*ed in an edxxc^^fka^ terminal* * m 
The choic#*'available*^w are tfrocQ^ a Simple ^ 
keyboar(3$^isplay terminal with no peripher^s j. 
or purchase a »very expensive basic" unit. This * 
choice is forced on us by the hardware implementa- 
tions of terminals, the development effort of ' ^ 
ai hdtrdware terminal is do time consvmiing, 
inflexable^ and expensive that limited use 
terminals ^ not^^eing built. As a continuation • 
of the same problems , .after a terminal is built 
the inflexibility of th« ^atdware prohibits 
chaziging tiie operation to sol^Te a, customer prob- 
lem or to add a new and useful peApheral. " : 

The. i5roposed solution to* the problems as 
stated ds to build a termihal around a» micro- 
computer. Use a minimum of hardware and make 
what is there as general .as possible^ so that it 
can be used in a broad range of prMuCts* 'i 
*Put all of the peculiarities of the. device in if 

• the programs that control the terminal and' 
put the programs in replaceable chips in the 

I terminal. To make a cjiange the terminal must 

. bo reprogrammed and some chips changed but the 
hardware does not have to change. T6 add a 
peripheral a new board must be designed but 
it wilX fit in a slot already available in the 
terminal* The basic terminal need not be re- 

^designed to adapt to the new device as the 
device will wor}c from the qoo^uter cdntrol lines * 

AH the changes necessary to the code to add 
a peripheral would ise furnished by the terminal 
vendor as he attached 'new devices to the terminal. 
There*^ would still bedtimes \^en the operation of 
the terminal is not what the customer desired 
but the time, effort, and e3q)ensa to change will 
not be prohibitive as* they are today. ,1 may 
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sound like I haVe an interest in a micro* . 
conputo'r coi!5)any, buV k\caref ul study of the 
facts will 'lead to our' same conclusion* The , 
microprocessor will allow vendors to begin to fill 
the needs iii different application oriented 
. areas. ThiS is because "die micropVoce^^r-^aHows 
"low development costs throu^.jcommon'haj^ware 
ahd maximum flexibility -through changable 
Aprograms/ , 
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USING THE'PLOTTER TO INVESTIGATE SKETCHING IN UNUSUAL METRICS 



_ W.A. Stann^d 

Eastern Montana College, Bilrinjgsr Montana 59101 ' 



ABSTRACT: By accepting various definitions for "distance" (which are consistent with accepted properties 
ior measure) one can obtain oinSual tiutcomes for the conic jsections when they are sketched by the plotter. 
The paper discusses the "new" conics, displays plotter re sults , and raises questions which the reader may 
pursue « • ' 



, The criteria for "good" ways to measure dis- 
t4tice. have boff^ clearly established by the ^follow- 
trig definitioj^b^f a metsy^c .space: ^ 
A pair of ^pb^ects [x,d] where X ?^ 0 and 
d: X X xi^Reais is a metric space ptovided- 
for ifill 2 e X : 

.l.A (x,y);>; 0; 
,a>'%(3(/y) J" 0 If f X = y; 

3. ^ fk,y)'» d (y,x); 
' (ix,2) td (:$,^) +'d (y,2). ^ ^ ^ 

Here d'ls of course the distance functit>n, 

VOnce, this characterizatio;:^ of "good distance" 
^teria has been established, it is possible to 
I^QStigate some "unusual measures of distance" 
icfi ra^i^"t these criteria; Three such -distances 

1^ d (P,Q) » |axl + lAyl where Ax is merely 
tne horizontal displacement between P and 
Q ai^ Ay is the vertical ^displacement. 



(P,Q) 



2 + 1 = 3 



T. 'd' (P,Q) » 



2 

e*g. 



max (lAxI, lAyl) J.f lAxl?^ Uyl 
if |Ax| - lAy\. _ 



3; d 



3 
e.g 



Tmax ()/ 
I^IAxI i 



'max(l,2)»2 



f- P ?^ Q» 
f P « Q 



'.d (P,Q)*-1 sincfe 
^3,4)/ 7* (^,5) 



Now consider the four conic curves by defini- 
tion: — • ^ ^ 

A. Circle - the location of all points in the 
plane a qjlven distance from a fixed point 
(center), ' 

B. Parabola - the location of all points in 
) the plane equidistant from a -fixed point 

, . (focus) and a fixed 'line (directri);) • 

C. Ellipse - the location of all points in / 
the plane such that each point R of the;-^^ 

, • curve is Ibcated with respect- to the fdoi 
e;^ and such that -PF^ + PF^ is constant. 

As a 'selected sample of these conies, let us 
examine thosje resulting from d^. 

-First, 4:he circle' of radius 4 with center at 
the origin would by {equation be: 

|x-0| + fy-Ol « 4 or simply \x\ + |y^ =4. 

Note: d^ (0,P) is 
^tt;^ measured /hlong^OQ and 

then OP. Since lo;)! + ' 
IqPl = 4, Ixl + ly» = 4 
is the -condition of the 
curve beirrq a circle. 




when plotted on a plotter, IxW + (y\ 
the circle as: \ 
(See Figure I) 



4 yields 



Second, consider- a parabola with focJus at ' 
(0,0) and directrix x*» -2 under the constraint 

abola yields! 



of d . The definitpLon-of the p^ 
ix\, + lyl a^2 + X 



This ci^n be seen sin^ 



i£|^a 



^ 

of parabola 



a • (D,.P) « d (P,0) 
S>$ \DP\ « IPQl •+ IQOI 
o» (2 + x) « Vyl .+ 
Using the plotter results ih the curvet 
(See Figure 



The fact that each of these thtee distan 
meet the criteria of being "good" is left 
reader* 



the 




Domain; .[^--4#4\ 




Domain: J[H**) 



Third, consider the ellipse with foci 
and (-2,0) and constant sum 4, The equation 
'pt the ellipse must be: \ 
Ixl + 2|yl + lx,+ 2 \ a 4 since 




Where d^^ (F^/P) + {T^,?) 

jbr iF^Ql "+ IPQI + IPQ» + l^F^I « 4 

or Ix + 21*+ fyl + |y|. + lx| « 4. 

Againy using the plotter results in an interes- 
ting curve. Can youxpredict jLt? It is: 

* (See Figure III) ^ * 

To completo jthe conic stud^ for d^ now consider 
the hyperbpla witb foci F^^ (0,0) and F^ i},0)* 
Set the constant difference at 1,. SiLncet 



1^ / "arc" of hypferbol-a* 



or \ (\?^Q\ + IPQII (JP0\ + IPF^|)| = I 

or 1(3 - X) - (x)| » 1 or |3 - 2x| = 1, 
Can you prs^jct that the' hyperbbia would thus plot 
as t • 

(See Figure IV) 

Figure .III * ' 
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^ Domain: j 
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Figure IV . 
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The conicunder are similarly "unusual" in 
that a circle of radius. 2 with -center at the 
origin is a square of side 4 centered in a horizon- 
tal position about the origin, -i'he ellipse ,vri.th 
foci at (-1,0) and (1,0) and cohstant sum 4 is »^ 
centered abo^at th^ origin and shaped ^^ke .a^ stoji " 
sign. The parabola with -focu^ (0,0) and directrix 
X « -2 is composed of two "wings" whose slopes are 
, +1 and -1 and^y"blunt nose" along x = -1, And, 
the hyperbolanj&th foci at (0,0) and (3,0) and*a 
common differ^ce of 1 is shaped 'like tv^ opposing 
parabolas (for*^& ),- ' 

2 1. 

♦ Lastly, the coni,cs, for jd are. interesting. 
Suppose, for example/ the. circle of radius 1 is to 
be pjlotted with center at the origin 0, 

» P (x,y) 

* (jCuO)« . . - . 

Since P ?^ Q, ^ (0,P) « X and thus P is on" the 
circle. But tnis would be true of ^ny point X " 
Where X*?* 0, -Thus the entire plane, except the 
origin, ib on the circ],e. On the other ];iand, if 
.the. radius were 2, there would be no points of the 
pla/ie on the circle, * f * *, 

fhe reader i^ left to examine the fate oJ^ the 
parabol^, elli^jse, and hVp^borci\undec d^,* ' 



\ 
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In conclusion, it is an interesting problem to 
define the para^etnic equati<^ns of the conies 
under 'each metric 'such 'that a simpler application 
of the plotter is enjoyed. As a representative 
sample solution, consider the circle of figure !♦ 
Parametric equations for this circle are: 

4 cos © V a ^ ^^^^ . 

^ ° I sin el + Icosei^ ^ |sin©l+lcos 01. 
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THE EVOLUTION OF THE SCHOOL INSTRUCTIONAL COORDINATOR 



James L. Altennatt 
Regional Instructional Coordinator 
Minnesota Educational Computing Con^rtium 
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ABSTRACT: The computer has proved to be effective instrudtional tool in Minnesota. The Minnesota 
Educational Computing Consortium^has facilitated an increasingly rapid growth rate of instructional 
computing. Now that the quantity of computing is significant, attention is quietly-^ turning to improvement 
of the quality of use. Individual school concern is the responsibility of the cootfcinator for 
instructional computing. How the job of school computer coordinator is evolving in rTThnesota is the, 
subject of this paper. 



Introduction 

Computer services in Minnesota at all education- 
al levels are coordinated by MECC through its three 
divisions: Instructional Services, Management 
Infonwtion Services', and Special Projects. This 
^paper nas particular reference to the Instructional 
'-Services Division and the instructional timesnariiig 
network as It serves elementary, secondary, and 
vocational schools (E/S/V) throughout the state. 

Growth of Instructional Timesharing in Minnesota 

Prior to the establishment of1?ECC by the 1972 
Minnesota legislature, /instructional computing in 
elementary/secondary schools was confined largely 
..to the Mjnneapolis-St. Paul inetropolitan- atea» ^s 
there were only a few small timesharing projects 
elsewhere in the state. The number of terminals in 
use. in the past and present are as follpws: 



1 



Table 1 



E/S/V 
Terminals 
in Use 



Table 2 shows the numbers of students and school 
districts in the state and the proportions of those 
that -have access to Instructional tin)esharing: 



TOtil 

StitC- E/S/V 
enrollment 





Enrollment X No. of School X ' 
In Districts of Districts W of 
w/Tlmeshairlnq Total Tltnesharlng* Total 



990,000 484,000 ■49X 78 

950 loco 775,000 .82X 243 

911,000 .830,500 9U 307 • 

♦ Total nuiriber of school districts In the state: 



73- 74 

74- 75 

75- 76 



let 

56t 

70X. 

436. 



A more graphic representation of the growth of 
instructional timesharing in Minnesota is gained 
by examining the maps below which show MECC*s geo- 
graphical regions in proportion to public school 
enrollment, both in all districts^and in districts 
served by instructional timesharing. 




Ki» A...KECC E/S/V Regions shown 
in proportion to. the »ver«c 
publiQ-School enrollpent (K-12J - 
in cich region {73'76). 



1973 


-1974 


400 


V i ^ 




* 


1974 


- 1975 


700 








1975 


- 1976 


800 




in 




1976 


- 1977 est. 


900 

















IV 671 V m 



Mip C...HECC E/S/V Keglonl shown 
In proportion to the public 
tthool enrol 1r«nt served by 
KCCC in 1)74*75. 




Mjp B...H£CC'f/S/V ReqiCflS shown 
In pro^rtlcr. to the public 
'school enrol Uent ierved by 
instructional :iF«sh«ring in 
1973.74. 




Kip O...HECC E/S/V Regions shown 
ift proportion to the public » 
enrtrt linen 
\ 1975*76. 



ichQoi enrtrtliaent served by 
K£CC in 
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%Need for Quality Usage * . 

The substantial growth of computer usage - : 
in the schools Having been demonstrated, it now 
remains to be shown how the quality of that*usagfr 
has been and continues to be developed. Obviously 
on a statewide project of this size, -quality usage 
cannot b^ developed by a few and serve the needs 
of all. To attain quality usage, an effort must^ 
be made within each school building'that has access 
to the computer by a terminal device. The super- 
intendent of each school district has been asked 
to designate a district coordinator for instruc- 
tional computing, and for the larger districts to 
designate a coordinator for computing in each 
school building as well. The school coordinator 
i.s the key to qua,lity usage of the computer 
within the school. Success or. failure of each 
school* s computing program, which* affects the 
total district computing curriculum,, in large 
part depends on the coordinator. The work of 
the coordinator's thus' reflected in the total ^ 
statewide instructional computing effort, which 
ultimately must provide answers to the question 
of , whether or not instructional computing has* 
educational value. The following discussion of 
various dimensionsr of the coordinator; position 
may be helpful as a model for others trying to 
implement a similar concept.' 

Qualifications of School Coordinator 

'The job of school cooFdinatorc\lls for many 
talents ranging from Journal istlC^ility for 
writing news()aper and communicati/h articles for 
school and loc^iUmedi a, 'to library techniques, 
programmer skills, and accounting knowhow for - 
keeping track of usage, time, and storiige. At 
times the school coordinator is expected to act 
as a terminal technician and be able to explain 
the terminal operation to students, teachers and 
community people. The school coordinator needs 
to be a good evaluator.of the computing program 
and be able to recommend^and Implement changes. 

Educational backgrounds, of school coordina- 
tors vary, but or\e certain prerequisite is 
enthusiasm for, ^n\knowl edge of the vital role 
of computers in the i^uc^tiopal process. Some 
coordinators come to'the job without special 
prior training and learn by doing. Others may 
be pursuing, or may have attained a,<iegree in 
computer science. Two Minnesota universities, 
Mankato State and Moorhead State, currently 
offer four-year degree programs in computer 
.science teaching. A specialist degree for - * 
coordinators is now being offered in some 
colleges. 



Coordinators meet monthly to stiare ideas and' 
materials contributed by educators throughout the 
state. In turn, school coordinators meet with 
regional coordinators to exchange ideas and 
information. 

What Does the Sdhool Coordinator Do? 

The tasks of the' school computer coordinaton 
are many: 

Computer responsibility Users are taught to 
respect the limitations of the computer system 
and are made responsible for their use. They 
are taught to respect the privacy of each indiv- 
idual program and to undet'stand the timesharing 
concept and use the system accordingly. 

Duties Duties assumed by an effective coordin- 
ator vary according to the needs of the school 
• . year: 

Beginning of School Year 

a) Attending computer in-service workshops 

b) Determining a set of objectives with his 
• administrator 

c) Assisting in finding suitable place to 
house the terminal 

d) OriJering supplies for the terminal ' 
Throughout thg^' School Year 

a) Getting teache^ interested ^nd involved 

b) Keeping faculty members no'tified on new 
* programs and ideas 

' cl^ Scheduling student if>d teacher use cff the 
'terminal 

d) Representing his school district at com- 
puter meetings and workshops for school 
coordinator's 

e) Keeping admtnistratbrs updated on computer 
related information such as the latest in 
equipment .and. applications ^ 

f) Corresponding with MECC coordinator in 
his area 

g) Looking for funding possibilities; 'feder- 
al , state, and local jgencies and 
industries . . 

h) keeping equipment in good working order 

1) Maintaining equipment in good wdrjcing 

order ] 
*\ ' /• 

j) "- Acting as the contact pe^fson between MECC 

and'KiSKCommurtity concerning special 

requests'"^ ^ - 



' • ^Support for the School Coordimajtor 

MECC Strongly encourages school districts 
to support the' school computer coordinator by 
providing time to attend and sponsor workshops. 
Holding individual and small group instruction • 
.seminars, acting as advisor to computer clubs, ^ 
and supporting other required computing activi- 
ties are also s,trongly encouraged. School 
coordinators .in a given region of the state are 
assisted by the MECC Regional Instructional 
Coordinator living in that region, fidgional 
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Duties (continued)' 
End of School Year 

a) Evaluating the acblevement Qf-the 
objectives set at the beginning of the 
year 

b) Preparing an annual report for 
administration and school board ^ * 

c) Recoiranendlng computer courses that 
should be added to the Curriculum 

d) Reordering cora^^jter books, files, and 
periodicals tltf't s^iould be added to 
the school library^ 

e) .Having equipment .serviced for preven- 
tive maintenance 

J" 

f) Recommending any enhancements that 
^should be made to the computer program 

•g) Evaluating the need for additional time 
assistance, and compensation to do the 
job and maintain the program most 
desirable* for his school 

Involving Others ** Some methods used for get- 
'tlng teachers Interested and Involved In the 
use of computers are: > 



a) Working on a qrfe^to-one basis as much as 
pos^ble 
terminal 



possible during a first exposure to the 
rnnr 



b) Showing how easily copies can be made 
for the whole class by having output 
■ printed on duplicating paper 

c*) Demonstrating the use of simulations 

d) Assisting In the preparation of the usfe 
of computers In the classroom ^ 

.e) Volunteering to teach a class for the 
teacher who Is hesitant to try It 

f) Assisting inv^arranglng for the hardware 
for a video display so that all the 
students. can see without difficulty 

g) If programs need to be written, finding 
someone who can write the program 

h) Having knowledgeable students available 
to assist teachers arW other students 
as they use the terminal 

1) Encouraging students to find computer 
applications In multiple areas and 
Introducing these to teachers 



Public Relations The effective coordinator 
tries to build awareness of the educiatlonal 
value of computers not only through contact with 
teachers and students, but also through contact- 
Ing 'the community at-large, 

a) Writing articles for school, and local and 
professional organizations 

b) Putting on workshops and speaking at 
meetings 



or sponsoring computer-related 



d) InvltlngToc^medla In for special reports 




e) Arranging for loc 
see how Instructi 
the school 



gislators. to visit and 
iputing Is used In 



Summary 

The school coordinator Is the key to whetheKor 
not more Instructional computing doors ^re opfenec 
for the total school staff. A schooVs commltmejit 
to Instructional computing should not stop at 
dollars for computer /time and equipment. A total 
commitment must be complete and will be successftfl, 
only If It Is recognized that the school must have 
a coordinator who Is given the opportunity to show 
the possibilities of Instructional computing. 
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AN A?<0U?-1ENT FOR GATCS IN COryUTERIZEDV^lOS AND TUTORIALS 

/ 

Xuata [Weusi -Puryear 
SCPDT, Stanford Universi^^y, Stanfocd, Calif of ^ia^SW^S 



ABSTRACT: This paper* is presented 3(s an argument for the incorporation of garies in computerized drills 
and tutorialsv It is based on experiments conducted at the Lawrence Hall of Science, University of 
California' at Berkeley. The experiments sought an answer to the question: "Can the game elements of a ' 
-omputerizei tutorial /game motiva4;j2 student involviament in the tutorial elements to a degr^ hi^* enough 
to produce significantly greater achievement than Che tutorial elements alone can produce?" The study 
supports an affirmative response to the ouestion. Students, who had anopportunity to continue the ir_^ 
partlcipaMon in a Game if they correctly responded' to randomized exercises, achieved significantly ifiore 
than students who did not have the opportunity to play, even though the game-pla^^ng students di^ feiJer 
'exercises. ^ 



Introduction- . 

/.In the teaching of mathematics in eletrtentary 
schools it is becoming increasingly pdtju'^ar to use 
games to aid instruction. The pages of profes- 
sional mag'^zinee often contain adver6isemeT](ts for 
specially designed games to teach arithmetic to 
eU^nerttary school children. The sheWes of school 
supply store s^re replet^ with games of varied 
ds$criations. Schools with instructional computer 
sys'tems 'create computerized games and trade them 
with other schools. In 1970 Gordon^ attributed 
the following quotation to Boocock and Schild — 
it articulated a major theoretical problem con- 
-.cerning the pedagogical value 6f games. 

"... the game designers are in the peculiar 
position of having a technology, oj applied 
science, before the theoretical science has 
been developed. While most' observers would 
, 'agree that games do -teach, what" they teach * 
' an^ why are yet' to be precisely. measured." 

In I9,f5' Weusi -Pury^r^. partially^ answered Boocock 
and Schild' s questions — ' , . 

"Games can have a positive pedagogi,ca'rvalue 
to mathematfcs instruction. The motivative 
effect of games can be great enough to sig- 
, . nif icantly increase 'studentsM achievement 

levels. In particular, g^mes can si^nifi- 
\ cantfly improve the .learning that takes ptape 
* '^during a computerized drill-and«practice 
lesson.'' 

A . ' . ^ 

The study that led to the ab^ve-yonclusion is 

' Sented in summary 'form in thi.s*TDape^, it cojxai- 
tutes an argument* for tKe incorporation^^ games 
itr computerized drills and -tutorials^ 




Statement oC Problem , 

Thfere are a Tew educational resear^Jh^^^aoers 
that show that students in expeuimental. grdtjps.^^ 
using games have^done better (and significantly- 
better) than ^students ia non-game control groups. 
However, it pighl^be succes^fujW argued that 
these differences were 4ue to Ha^rtrhorne effe6t^, 
school differences'^ teacher differences, or ^ 
•teacher biased. By the very nature o'f most educar 
tiona'lj re search that is done- in the classiroom, it 
is'difficult. (f? not impossible) to positively ♦w 
assert that a particulaf variable produced a^par- 
ticular effect. ' *\ ^ 

In the development oif' a theory of the pedago- / 
gical value. of games' to mathematics instruction it 
wMl be necessary to determi^ne under '^^laboratory- 
-lii^e conditions"^, -if the motivative effect of a ^ ^ 
game in teaching ^arithmetic can produce signifi- 
cantly greater learning. (Here " laboratory -1 ike , 
conditions" means a setting and design that close- 
ly approximates the type of experimentation done 
in the physical sciences — where^a quantity is 
sy^tefflaticaUy varied an^, the e^ffects of this ma- 
nipulation on other dependent ^variables are meas- 
'ured. ) 



This was a study designed to add to our^ know-;^ 
ledge of the pedagogical value of games to mathe*. 
matics. , It^ ^^^^ answer to the question: "Can 
the game eleme^S of a computerized tutorial/game 
ai^tivate student involv^rpent in the tutorial ele- 
'ments*^ a degree high enough to produce signifi-. 
cantly greater achievement than the tutorial ele- 
ments alone can produce?" , , • 

Procedure > - 

The study used a cgmputerized tutorial/game 
called GAMDO. There-i^e two'piaJ|irs in.a GAMBO 
tutor.ial/game.' One player is "thi student". The 
ither player, who shall b6^ caUed^Jody", is^a 
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cptnputer simulated pUyer* The computer program 
also Exhibits a third perso^aHty called /Gambo" 
who is the umpire and scorekeeper for the game^ 
Th9' teletype output from the GAMBO tutorial/game 
looks lilte a script of a play. with three* charac- 
ters — GaPvkv, ^the Student* and Jody. Each player 
in turn. is given an arithnStical problem to splve; 
after he has committed himself to an answer, his 
opponent is given an opportunity to e^raluate the 
player* s ^answer; the umpire presents the correc^t 
answer; if the player '-s answer w^s correct, he 
gets an opportunity .to make a move on a -^^jfee-by- 
.-three Tic-Tac-Toe board; and if the player's 
answer was incorrect he would forfeit his turn on 
th€r Tic-Tac-Toe board. 

The object'of the game is. to gain as much score 
as po*ssityie in a linrited amount of time. In the,. 
GAMBO game a player can* receive ten points for 
correctly answering the problem, five point# for 
correctly evaluating Ms opponent *s answer, artd 
fifteen points for getting three marks in a row on 
any Tic-Tac-Toe board. A new Tic-Tac-Toe ^ard is 
presented ^fter either player receives three" mai^s 
• In a row. 

. Two experiments were designed to be part of 
one-day -field-trip aqjdvities for summer school . 
classes of San franc i^o Bay Area school dis- 
tricts. Each field trip started with st^udents ar- 
riving at the Lawrence Hall of Science by bus from 
their school s^i^tricts in mid-faoming. Aporoxi-^ 
matcly 30 studcnt^s (depending upon the number of 

^terminals available that day) were randomly se- 
lected from among the students 'in the 8- to 11- » 
year-otd age "range. Xhose students not involved 
in the experiments were taken to the activity 
halls where va^Jous scientific activities were 
availablc*^for th^si. The students in the expcri7 
mental group were placed in every other seat o'f a 
sp»ll auditorium where they receive4 a battery of ■ 
tests. These pre -experimental measures were in- 
tended to measure the students* skiy in the basic 
arithmetical operatjtonsxand to inventory their at- 
titudes towards arithmetic and arithmetic stress- 
ful situatiOjis-(stx:h as tests). While they Were 
seated they were, without their knowfedge, random- 
ly^divided into three sub-groups. The selection 
was based upon tfiat day*^ random assignment of the 
auditorium seats. After the prc-experirtental 
testing, two* of the sub-groups were escorted from 
the auditorium t^o computer terminal rooms con- 
taining enougtx teletype <:oraputcr terminals for 
each member ot the groiip. During the'^next forty 
minutes: one. group received a computerized tu- 
torialj .one t^^^yed ,thc same computerized 

tutorial interwoven'with' a simulated Tic ^Tac-^-Toe j 
game; and t'he group remaining in the, auditorium 

.viewed two films of scientjfic fhter^st but hav- 
ing no relevance to the tutorial. The cbmputer- 
I'zed tutorial was the GAMBO ^system^s. Students 
under lO-yeays-^f-age received , addition problems 
and multiplication problems were given to the 
older students. 

* • It 
The first two*groups thep returned to the 
auditorium -where a post-test was given to kll 
students on the material covered in tbe tutor i- 
,als. Students then left the "^he auditori^un and 
together with the* non -experimental group of 
stu^ent^had a bag lunch. After lunch, all^ 



stude/its had a couple of hours to explore the Law- 
rence Hall of Science. *Ai: students had' an oppor- 
tunity to plsfy games on a computer without re^a^d 
to their previous groupings. In'addftion, other 
scientific activities were available for the stu-^ 
dents — physics, biology, chemistry, astronom/, 
and mathematics. The expe;-iraenlal situation :ar- 
ried no risk to the students — the entire field 
trip activity was designed to give all students a 
positive experience with science^ • 

, in each experimental situation there were three 
groups of participants; The full -treatment group 
Was exposed to the OAI4B0 system as described above. 
. The partial -treatment "group was exposed to the same 
GA-MBO sy-stem but 'they did not see ar>y reference to 
a Tic-Tac-Toe game and all score-reference'd output ^ 
was surpressed. The no-treatment group watched twT^ 
National Geographic films — the ChicK 'Embryo and* 
Succession from a Sand Dune to a Forest .* * 

The partial-treatment group corresponds to what' 
is commonly called a "control group". As closely 
as possible we tried to make the difference between 
the full treatment and partial treatment the pres- 
ence or- absence of \he game elements during the ex- 
perimental phase. The full- and partial -treatments 
,were conducted simultaneously in separate rooms. 
^Through scheduling we' controlled for possible room 
'effects, sex of laboratory assistants effects, and 
their possible interactional effects. A teacher 
from the participants* school was present in each 
experimental room to aid with discijxlinary problems, 
but they were discouraged from actual participation • 
in the experiments. - , 

,The purpose of the simulated opponent, Jody, was" 
to provide a human-like opponent wi}o was *^equal" to 
the student in abiyty — the probability that Jody 
'would give a correct answer was equal to*the pro- 
portion of correct to total \inswers previously giv- 
^- .en by the student. -When we were in the checkout 
phase of tljc GAK90 system we ran sessions with ele- 
mentary school children/simi^lar to those run later 
dutlt\9 the experimental phase,. We observed that . 
■ student^ did not give the impression that they were 
- competJ^i^ with a super-hunan machine* On several 
occasions' students remarked tha^. "Jody is 
stupid," ort fJody 'is trying t^ cheat," or attribut- 
ing other human character i'stics to Jo^y. In addi- 
tion to the erVors Jody made, there was Jody* s 
chil(f-like method .^f typing» Whereas pam^.*s pre-' 
senta*t ions were done at a speed of 10 cTiaracters 
per second, Jody*s presentations were made at a' 
speed of (at best)" 1 character per second. When 
Gambo had a^ message to type the mess'agc was sent to 
^ the teletype in its totality, iience when the tel^- 
^ type recefVed a message -it,A/$s, typed *at th^ maximum 
speed of 10 characters per second? On t^e*^tner 
hand when Jody had a message to type it was sent to 
the teletype 1 character at a tjjme .artd tfiis allow- 
ed the presentation of the iS^age, to Interrupt-^ 
" ed by other users • ^ience, when it was rezdy to . 
, send out the next character, a time lapse that may 
have varied between a few micro 'seconds and two ^ 
seconds would have occurred. This difference- in 
time was measurable and the program checked ift make 
. sure that the delay was greater than 1 second " 
before it sent out another character. Hence,' it 
appcyared to someone watchina Jody* s 'presentation, 
that Jody was doing exactl^what the students were 



doing when they typed^— that is, searching the 
keyboard for the next'^letter or digit. 

The function of a no-treatment group is to 
statictically snooth out' the effects of the high- 
ly !iiOtivating field trip atmosphere. By -regress- 
ing pre -experimental measures on post-test scores, 
using the no-treatmertt group, vc are ab^e to ob- 
tain fomuias for predicting post-te:^t proves of 
the two experimental gVoups. Ttiese prejirted 
scores usc?d as covariants in an analysis of co- • 
variance ort tpe post-test measure provide addi- 
tional statistical control. Since the no-treat- 
mfent' group is a randomly selected sub,-grouo of 
the experimental parti cipantSj, and we can safely 
assume that they received no training in the con- . 
cemed algorithm during the experimental period, 
their performance on the po«t-test items can serve 
as a statistical basis for measuring the difficul- 
ty of the iT,ems'. 

Summary of Analysis Results " 

' There wre'^S^B studentis who participated in th^ 
two experiments Bh in the "addition" experiment, 
and 17U in the "multiplication" experiment. 

The students* altitudes toward arithmetic and 
their levels of debilitating anxiety did n ot di f- 
fer- significantly from those of a large nationat^ 
sample of fourtH -graders 3 taken in 1962. 

Grade, age, and attltjude were much less able 
predictors of post-test, scofe than pre-experiment- 
al computational ability. 

Most of errors made by the students were • 
either very unusual misapplications of the addi- 
tion 'pr multiplication algorithms or they were 
miscalculation^ of simple (one digit) sums or 
products, 

* The students'* tlc-Tac-Toe strat^ies wcfe norm- 
ally distributed^ but theiT correlations with 
Other measures were not significantly different ^ 
from zero> * ^ 

Students, who had an opportunity to continue 

*lr participation in the game* If they correctly 
ponded to randomized exercises, achieved signi- 
ficantly more thin students who did not have the 
opportunity to play^ even^ugh the game-play- 
■ " * * * f^lses. _ , 



Ing students di3 fewer 



Conclusions 

- Games can hive a positive pedagogical value to 
, mathematics InsbructloV The motivatlve effect 
'"tSTqames.can be gi;?at eriouflh to significantly in- 
crease students** achi*€;yeiifertt*levels*. Jn.partlcu- 
tar,' ganes can signlXrt:antiy iraprayfe the learning 
that/tak^es place durjng a computerized drill-and- 
-practlce lesson^ ' * 
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THE 'COMPUTER AND TH&. READING TEACJCER 

Linda L»-'jfohnson 
South. Mountain High School, Phoenix, Arizona' 850^0 



ABSTRACTi Reading teachers at South Mountain High School in Phoenix, Arizona, have been 
rescued from tedium and provided a far more comprehensive remediation program for stu.- 
dents. .The district computer permits teachers there to enter a sttkdenfs name, readirig 
level and needed skills. Thereupon it prints all materials that teach these skills at. 
the student's level in the form of an assignment sheet. Eventually, easy-to-understand 
objectives and sample post- test items will be included* Teachers also use local compu-. 
ters to run computerized readability formulas and to check a lengthy diagnostic test* 
Students use the computer to learn various reading *skills. 



The computer is not yet^ "the indispen- 
sable tool of reading teachers — for years 
they have survived quite well without it — 
and still do*. ^ However, as soQXX...a^. Jhey 
learn what the 6omputer can do for them, 
and as soon as th^y oJ)tain easier access to 
this miracle machine, it ife doubtful they 
will ever allow themselves to be without 
one again* 

At South Mountain High School in Phoe- 
nix, Arizona, .the impact of the computer 
on reading teachers is already being felt* 
There the computer has influenced almost 
every area of the reading teachers' res- 
ponsibilities* ^ " ♦ 

.First introduced to South Mountain 
reading, teachers in the sujnmer of 1975 
wl>en two teletype terminals were installed 

'in the reading .laboratory at* the school, 
the computer was almost immediately put to 
use for ^storing data in a "Materials Re- 
trieval Program," a project^ that revolu- 
tionized the placement of students into 
suitable reading materials* Other pro- 

• grams, helping with instruction, drill and 
determining readability, were added wi^thin 
seven months* All programs were written 
in BASIC said run on the Hewlett-l^^ckard 
200dF Time-sharing System, located at the 
Phoenix Union High School District offices, 
to which the two terminals were connected* 
Since no money was available foa purchas- 
ing computer programs, ail programs wer^ 
writtep either by the teachers .themselves, . 
by the District Educational Computer Spd-. 
cialist, or by other programmers donating 
their efforts* 

Materials Retrieval Program 



Ready by September of that y^kr was 
the most f sir-reaching undertaking i The 
Materials Retrieval Program* 

Tftis use of the computer was origin- . 
ally conceived as a way of assuring that 
benefits of the ciDmputer ^would reach each 
studeht and teacher in trie reading pro- 
gram* V 

Prior to the arMval of the computer, 
the reading program operated witH teachers 
spending hours diagnosing students and 
then •'^)rogramming" them into materials 
that would give instruction and practice 
in the individual' s- weak'est readings, 
skills* The materials, and skills were so 
numerous that Is was difficult for tea- 
chers to remember, for example, in which 
workbook tltere was a particular page giv- 
ing instruction and practice in distin- 
guishing facts from opinions* As a result, 
many gtfod materials w6r,e often neglected 
in favor of a small number, of familiar 
materials* Ejirthermore , the process of 
p^ogramlning five classes of 25 students 
into appropriate materials suited for each 
individual was a lon^one* And once pro- 
grammed^ students were not often reprp- 
grammed unless a]>solutely neceBsary* 

The completer has solved these prob- 
lems* Now when Students are as&igned to 
a reading class,, they can be programmed 
into appropriate materials rapidly*. The 
teacher makes the usual diagnosis of read- 
ing difficulties and grade level of .eadi 
individual* .This ififprmation is>- typed 
into the Computer* Thej compute^ then 
prints out an assignment sheet for each 
student with 3^8* those materials that 
teach the requested skills at/the desired 



grade level. 

The student chooses from usually leng- 
thy lists which method of instruction and 
practice Ke wants, be it from a faqj^iliar 
workbopk, a ditto, a game, or even from a 
computer terminal. As soon as a student 
and teacher/ feel that the student is rea^ 
dy, a postytest is given and the student 
may go on yco other skills. 

A high-speed printer at the district » 
computer center enables assignments for^ 
entire classes to be stored and then^prin- 
ted Vapidly for distribution "Jto individ- 
uals b5 the following day. 

- In brdef to compile, the data involved 
in the Materials •Retrieval Program, teach- 
ers scanned page after page of workbook, 
and textbook materials for skills and their- 
page numbers. Other materials such a§ 
tape-recorded or film-stripped 'lessons were 
also examined. Distinguishing' especially 
clear instructional material from that 
which gave merely drill and practice was 
begun. Over ^300 books and workbooks were 
entered and over 100 skills were isolated. 

Computer programs,^ written by the Edu- 
cational Computer Specialist, entered » 
stored, edited, and printed the data in a 
form comprehensible to the. student.. These 
core programs, now in operation., are being' 
■ augmented to include a number of innova- 
•tions that in the near future will result' 
in a teacher-developedv computer-managed 
instructional system. 

' For many of the 100-plus skills now 
listed^ instructional objectives are being 
written in th^ student's* own language. 
When the student sees his print-dut next 
Fall, he wiJLl be able to determine exactly 
what about the skill he will be expected to , 
learn. At the, end of the print-out, sample 
. post- test questions will be listed* When 
the student and teacher feel he 'has attained 
the objectives and can answer these types 
of . questions the student will be ijost- 
tested. ' • , 

This compute r-managecf system could be ^- - 
expanded even further in the future. A 
division Of the materials could be made so 
that each lesson is listed under the appro- 
priate fn^tructional objective within the 
aflcill area. 

Because of the quantity, some materia3,s 
listed on the present pr^nt-out are hard to 
locate in the classroom. ' Adding symbols 
• to the print-out titles, putting corres- 
PQtiding symbols on the materials, andj.a-^ ^ 
baling .classroom locations-wtn"SlTeviate- 
that iproblem*. 

Comprehensive Achievement Monitoring 

Developing sufficient pre and post test 
'quesVioxfe ^jand writing objectives would seen^ 



tc^be Extremely time-consuming for the tea- 
chers' of one school to undertake but these 
problems are rapidly being solved by ano- 
ther, project, called the Cpmprehensive 
Achievement MonitoiaTig System (1). This - 
plan itivolves many reading teachers in the . 
sbhool district who are developing hundreds 
of test questions and writing objectives irl 
a large reading project of their own. 

The questions they wtfite are printed 
on cards, gne question to a card. By over- 
lai)pinc the cards on a carrier, any number 
of Zero3ted tests can be made. T-he computer's 
role to score answer cards filled out by 
the stu^i^t. The computer compiles su mm ary 
data on estoh student's test results and a 
summary of entire, class's progress, also 
preparing at year's end an item analysis of 
the test questions. * 

> CAIS is useful to any reading teacher 
in teaching a ^ide variety of reading skills 
and c6mpetencies. ^entually, it may be 
combined with the MA.$erials Retrieval- Pro- 
gram to further develop a' computer-managed 
instructional system. When more computer 
storage" room becomes avtiilable, CA!S 
questions could be entered themselves, into 
the computer for even -faster test' construc- 
tion. When this becomes a reality, to in- 
. dividual test suited to only one student 
could be rapidly constructed and scored. 

C omputer-Assisted Instruction 

— '' : 

One way a student can l€fam a reading- 
skill at South Mountain High^^SchooO, is 
through computer-ass is teB,;iijstruotion. ' Al- 
thoixgh very few studiea* havfe-sbeen rtade of 
the effectiveness oi this" inexho<l of instruc- 
tion, it does seem stron^xmotivitional. 
Most of toe student^ appeartd- love to' use 
either of the two termiiials, located in the 
.reading center; moreover, they seem to pay . 
rapt attention to the instruction. 

At the moment there are approximately 
. twenty-two teacher-made instructional pro- 
grams in reading available for student use. 
These teach or. drill ijri several phonics 
skills, structural armlysis, context clues, 
^ ^clasaificitioii^ and fact or opinion. * 

Several of the eleven reading teachers 
at*the school have been Inyolved in two 
workshops to learn 'BASIC computer program- 
ming and the Hewlett-Packard Instructional . 
Dialogue Facility (2)*, offeree^ by the school 
■district .for system credit." In addition, 
teachers may create simjjfle ^instructional 
drills by filling out dittoed formats and_ 
typing them into the computer. These'can 
be <iuickly done and require no knowledge of 
computer programming. 

f ut\ire plans include the use of the 
tape recorder, slides or filjnstrips Whi-ch 
-will be^ncoiT)orated into additional ins- 
tructional computer programs. \ 



Diagnostic Testing 



Other Possibilities 



One of the reading teacher's most im- 
portant Jtasks is acqurage . diagnosis of the 
student's skill deficiencies and reading 
levels* A widely- used device for testing 
students who read below the seventh grade 
level is the Silent Reading Diagnostic. 
Tests (Bond, Balow and Hoyt) (3). A com- 
puter prpgram developed at Arizona State 
University not only scores, the eight sub- 
tests in the booklet but prints out errors . 
made by the student so that a thorough er- 
ror pattern analysis can b^ piade. Many 
errors are classified by the computer so 
fhBt they can be an^yzed by the teacher. 
The computer program a,ccelerates grading 
and enhances the diagnostic features of the 
tests. V- 
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being developed at Arizona ytate 
ty is a reading test retrieval pro- 
oon, a teacher may be able to re- 
listing of .just those t^sts from a 

bank that meet the teacher's spe-', 
ons. If he has a ninth grade stu-^' 
ding on a very low level, WilL!/ 
to request tests that would heliv^ 
that type of student's needs .z^' 



Readability ^Foihnulas 



The reading teacher ig often oalled, up- 
on to determine •the readability ^r level 
of difficulty, of textbooks or, Qther read- 
ing materials. The best reada:b'ility form-" 
ulas they use are often extremely time-con-» 
suming artd complicated* 

The DalB-4lja^ Readability Formula {^) , 
vfor example, involves f^ive steps the teach- 
er must make, , First >the teacher must count 
100 words from a tjrpical passage. Second, 
he dount^ the number of sentences. Third, • 
he looks up mos$ ot the words on a 306O- _ 
*word list. Fourth, he must _ remember soihfe 
40 rules as this list is being consulted. 
Fifth* he maxes seven computations involving 
large numbers. These procedures must be re- 
peated fojf the several samples of the book 
that is^.-being analyzed,' 

B^" computerizing the Dale-Chall, all of 
the^ steps are eliminated, A teacher mere- 
ly^^ypes in each sample; the computer doe's 
^rite rest. The Dale-Chajl computerized for- 
^rmula can be apcessed on the UNI VAC compu- 
r ters located at Maricopa County Community 
Colics and at Arizona State University, 
• This formula determines readability of 
samples above the foiirth grade level, 

*0n the Hewlett-Packsord computer as well 
as on the UNIVACs^ is a foxTnula for deter- 
mijiing readability below the fourth grade 
level— the Spache Formula (5). -With this 
formiilav South Mountain reading teachers can 
perform readabilities .on some materials 
without leaving the school # . Soon, the 
yiesch Formula (6), for fifth grade and 
above > will be available in the school* ' 



The above-mentioned' uses of the com- 
puter in reading education ere only a^be- 
ginning* As more stdrage aqd memory becomes 
available, other schools in the eleven-school 
district will be able to use all of the pro- 
grams. As more and more reading teachers 
come to understand the capabilities of the • 
machine, new i^deas will be developed and 
tried. .y 

, - 

One'mo^ idea that will be on its way 
in the ne^t few months will be a retrieval 
system fcTr pleasure-reading books by level. 
A student be presented with a list of 

books on his Jevel divided into such cate- 
gories as romance, sports, adventure an<X 
science fiction. This program will encour- 
age the creation of a collection of a. wide ' 
variety of books in each classroom and fa- 

^^(Silitate the choosing of appropriate books 

'^*''td read by the students. 

In an individualized setting of twenty 
or more studehts, often reading well below 
grade level, the teacher has been moved from 
instructor to manager. With the computer, 
hopefully, the teacher can spend less time 
managing and more time instructing. The 
Materials Retrieval Program will include 
eventually not just materials that teach, 
but instructional strategies for teachers 
and teacher-aides, ideas for teacning a 
^, skill in small groups or one-to-one. 

A teacher supplied with computer term- 
inals in the classr^oom will find that through 
thair use, diagnosis* instruction > evalua- 
ti(on^and services to other teachers will 
gr^tly improve. The computer will never * 
replace the reading teacher* It will ere- , 
ate a much more e^^icient and skillful 
teacher, instead. - - 
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GENIE - A PROBLEM GENERATOR FOR HIGH SCHOOLS 



Allan H. Paschke 

Niles Township High Schools 
^kokie, Illinois 



GENIE is a total software package which provides a full-scale computer-assisted test construction (CATC) 
capability on a mini -computer. .GENtE was«designed and implemented by the author for the Ni^es Township 
Mgh Schools, a Chicagoland suburban district of 7500 students. The GENIE system has been in use since 
^ptember. 1974. and is running of a DEC PDR/8 computer. It has become an accepted and very widely-used 
facility in these schools, with applications in four major subject areas. 



. In this paper, a brief overview of the GE>1IE 
system will first be given, followed by a more 
in-depth look at the features of GENIE. 



Overview 

^ With GENIE, a teacher or group of teachers can 
create aJIbrapy of subject area questions that 

^ can be subsequently re'produced for use as tests. 

W reviews, or problen and assignment sheets, or 
can.be directly used for individual evaluation 
or remedial drill. Although originally 
designed for Mathematics. GENIE is now used by 
the English, ^c^al Studies, and Science 
' DepartAients. and is steadily growing in number 
and variety of Ipplications. 

An Important feature of GEN^E is the ease with 
which the final product, a sheet of problems. 
4:an be produced, and flexibtlity permitted in 
the appearance of this sheet. The designer 
of the sheet has a great deal of control over 
the format of the sheet, including titling, 
inclusion of special instructions to the 
student, numb^er and variety of copies produced. ^ 
interrelation of problems, spacing of problems, 
and much more. All this is accomplished 
through a concise set of commands tfiat are 
either punched or pencil -marked on cards. 

A second major point Is th^ organization 
allowed in the library of questions. As 
questions are authored and entered into a 
. GENIE library, each is assigned a unique four- 
character Identification code* Judicious 
use of 'th«se codes not only lends organiza- ^ 
tlon and structure to the content^of the 
library, but also fac1111±ates the>|nner 
In which questions are later retrievii fot* 
a prrfblem sj^eet. 



The thirci important aspect of GENIE is its 
author language.. This is a hybrid language 
designed especial Ty for the actual needs of a 
problem-generator setting., with many features 
incltided in response to the requests of author* 
ing teachers. A typical question can usually 
be written :in under 15 minutes, and then entered 
into the library either directly by typing it 
at a terminal keyboard* or via punched tape. 
A full range of editting and testing functions 
is provided in the GENIE system so that the. 
authoring teacher will have full and. if desired, 
personal control over the progress of his ques- 
tion from inception to final logging into a 
GENIE library. t 



A Problem Sheet 

Although GENIE supports multi -disciplinary 
libraries, at present the most fully developed 
library is in high school Algebra. And so. 
this wiTl be used to illustrate the operation 
and useS' of GENIE. ^ 

> r- * 

A somewhat typical problem sheet (reduced from 
14 7/8 X IL/TMh size) is shown in Figure 1 on 
the next page* The questions are^rinted On the 
.left half of the sheet, and the corresponding 
answers opposite them on the right. IWt spacing) 
of questions and answers i$ such that, in the 
original full size, an 8 l/2vX 11 inch sheet . 
will accomodate all dt the Question side, but 
wi>1 4Hiit the answers (see dashed line). This 
is done so that a teacher may use the computer- 
printed sheets as masters in a reproduction 
process*, fitting the questions onto standard. ' 
size paper^ but without disclosing the correct 
answers. 

Notice that titles and page numbers are given 
above both the question and anbwer sides of* the- 
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sheet so that a teacher an re-match sheets 
that may have been cut in the reproduction" 
process. (The wide-print header above the , ' 
•questions is a luxury permitted us by the ■ 
Tiiodcl printer we have,) Notice also the 
directions appearing just before questions 
1, 5, 7, and 10; these are independent of 
the questions themselves and ca^ be* worded 
tp suit a teacher's individual preferences* 
Finally, the four-character sequences fol- 
lowing the numbers on the ansvfer side are 
the library reference codes that identify 
each question. Note that questions Vand 
2 have .the same reference code, but are ^ 
different problems. This is because of 
internal variations built into this ques- 
tion at the time it was authored. Nearly / 
all of the questions in the Math library > i . 
have a similar kind of l)uilt-in variety, so 
that even a small number of questions can pro- 
duce^a vast nuntoer of specific problems. This 
also means that if the same choice of refer- 
ence codes were-used-to produce' another sheet, 
the chances of seeing/the same coefficients 
and ajttwers on even one problem would be re- 
motely small. (It is not unusual for heavily i 
numeric questions to conta^o internal varia- 
tions that run into the millions.) The result 
of this potential for variet^y Is that a teacher 
"can -produce equivalent copies of exams for . 
class use or can create drill sheets of unlim- 
ited lerfgth for student" review. 



Uses of a Problem Sheet . - 

When GENIE was first made ojJerational , in the 
suniner of 1974, its first goal was to provide . 
a means of producing testing materials only 
•for the various Algebra coursestaught in the 
Niles high schools. Its strong points were 
sttn as d) the ability^ to, produce, pn djwnand, 
valid questions fnJm a wide, spectrum of topics; 
(2). to produce similar, equivalent tests for 
make-up oil individual work; and (3) to do 
this with a minimum of teacher effort. GENIE * 
was totally successful in meeting this ini- \ 
tial "goal. A teacher's preparation for a ^ 
test could now be directed more toward con- 
tent and less toward worrying^. over problems 
that would properly 'work out' or about the 
actual writing of a neat and or9anized 
master copy.. The equivalent copies of a 

_'test that werc^ssible because of internal 
'question varJCtion guaranteed much improved 
in-cjass'an*between-class test security. . 
And, perhaps most important of all, the 
teacher*^ (ise of the^sairfe source material^ 
greatly Imfwved the .sUndardization of 

^ course content and evaluation throughout 
tK^ Hathemtics Department and-encouiras^d 
btittf articulation wijth feeder ?chaB$* 

But thisNias.only the. su9t of OENIE fisagc. 
During the 1974-7JS' school year, several, 
teachers foun* GENIE so convenient and easy 
to use that they began to integrate GENIE- 
prWuced materials directly into their g 



courses as homework and sbpplemtntary 



assignment materials. This prpmi)ted a project * 
in the suBwer of 1975 in which GENIE Math^Ques- 
tions were carefully organized and documented 
in a Hath Catalog, containing neaV*ly 1000 coded 
questions. A sample page from this, Catalog is 
' shown in Figure 2, on the next page. With this 
' Catalog, teachers began to correlate assignme^^ts, 
reviews, and remedial work so that course text- ^ 
books were completely supplemented by GENIE- 
produeed problem sheets. i 

When several teachers started to produce GEtjlB 
. sheets as remedial work for individual students, 
it was only a small step to ^he n^xt plateau of 
GENIE usage": This .was the duplication of cer- 
-^'tain key fages of the Math Catalog and diitri^ 
' bution of these pagfes to 'entire Hath classes.' 
Students in these classes were given a brief 
introduction, to GENIE commands, and were then 
encouraged -to design and request their own 
remedial work as they felt the need. This pro- 
cess ""quiclfly spread through all the Hathematics 
.courses, to the. extent that student requests 
alone now average over 155 per week. ' 



Requesting a. Problem Sheet 

The •fact' that large nunibers of students can 
successfully design and request thejr own prob- 
lem sheets may suggwtHbat GENf& commands are 
- — quTte easy to use.<^Thi>n^t, in fact, true. 

Once the library reference codes for a group of 
qOestions'^are known, there is very little else 
to learn before designing a problem sheet. 
There are basically only two kinds .of GENIE 
problem she^t commands: problem retrieval com- 
ma>ids, and sheet formatting commands. The sam- 
. pie list of commands shown in Figure 3., which 
Wotild produce the first portion of the* sheet 
shown in Figure i; illustrates both of these 
types. " . . : . ; 

The problem retrieval commands (lifes 3, 4, 
' and 5 of Ffgure 3) are simply the library refer- 
ence codes for the desired questions. A pre;^^^ 
fixed nuirtber, as the 2 in line 3, indicates 
the multiplicity of a particular question. 
With this, an entire drill sheet can be produced 
with a single command. Tike 25 SlAN. A. short- 
ened question ^ode, like the S2I in line 4^ 
permits GENIE td randomly selett a question 
with a codfe matching these first three charac- 
♦ ters. Reference codes shortened Jo two or 
even one character allqw greater^range in the 
selection of library questions. ^ 

'.Although not shown*in Figure's, retrieval com- 
mands can limit the selection of" the range of 
rnefe'nce codes in various other ways and can 
' also guard' against -the random selection of 
the same question code. more than once. 

the formatting commands used in Fi"gure 3 (lines 
1 and 2) illustrate ^ header command (line I) ^ y 
which supplies the title* to be printed at the 
top of each paqe, and an instruction cofimand 
rr' (line 2) which gives a phrase to be inserted 
O at thai poMt on the problem sheet*. Only one 

■■ • \ - ■ ■ ■ ; . 
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ObjectiTe 
Code • 



SIA 



" ' ' Statement of 
j Objective 



Solve a linear senfence with variables on one'^si^e only 



Question 
Code^ 



Example and >ccriptioK 



SIAA 



Variety of forms , all 
equivalent to 

X ♦ A = 0 



A i0 chosen from tbe ir^te^crc -POO 
thru 2OQ5 X is a random letter 



SlAB 



AX = 0 ^ or 
0 = AX 



A is chosen from the integers -200 
thru 2C0; X is a random letter - 



SIAC 



AX^= 1 or 
1 = AX » 



A is chosen from the integers -tOO 
thru 200; X is a random letter 



SIAD 



VpHotv r)f f ormffy- .ill 
.-^uivtac-nt to 

- X r 0 



A is chosen 41rom the integer^ -^00 
thru cCX) ^nonzeroO; X is a random 
Utter 



SIAE 



Variety of forms, all 
equivalent to 

- ( X i A ) = 0 



A is chosen from the ihtegcrs -200 
' thru 20b (nonzero); X" is-a rindcir/ 
• ^ letter; +- is chosen randomly 



SIAF 



Variety of forms, all 
equivalent to 

- ( A + BX ) a 0 



A and B are chosen from the inte^•• 
-.'^00 thru 200 (B nonzero); X i.-. 
random letter; is ohoser rand'-njly 



SlAG 



Variety of forms, all • . A and B are chosen from the intorere 



cquiv/ilent to 
B ( A + X ) 



-20 thru 20; X is a random letter 



^ V Figure 2 
Suiple pige ffon HatheMtlcs Catalog 
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SHI 



36 • 



l) $H "•GEHIE* ALGEBRA SAMPLER". 

?)- \ *$I "SOLVE THE FOLLOWING OP£W SENltNCES". 



3) 2 ^SIAN. . 

4) ^ S2L 

5) . ^ SIMN. 

6) $$. 



Figure ^ 

Sample list of GENIE generator comnands 



header conmand can be given. for any problem 
sheet» but Instruction com(j4nds are usually 
Inserted before each new type of question* as 
Is done 1n^ the ^mple In Figure 1. 

Line 6 of Figure 3 f5 efn end-of-llst Indicator 
that must be present at the end of each command 
list. 

*These commands are marked or punched* one to a* 
card, and are then submltted^for processing In 
a batch mode. (GENIE Is not and does not pre* 
tend to be an Interactive tool for computer- 
assisted Instruction in the classical sense.) 
At Niles, student requests are handled through 
an open computer lab, so that teachers do not 
have to collect card decks or distribute the 
problem sheets produced, and teacher requests 
are processed via a special drop-box. 

There are many .other formatting commands and ^ 
several additional options to the retrieval . 
command, but that shown abov6 is all that is 
needed by students in the design of a problem 
sheet for drill or review. Teachers who wish 
to exercise the greater control desired in , 
the creation of ^ test or assignment NSheet, 
will often use formatting comnands to^control 
question spacing, paging, and number or var- 
iety of copies. They may also modify the 
retrieval command so that certain problems 
are worth more^thart others or so that prob- 
'lems are interrelated, even though they may 
contain Internal variations. .While these 
flexibilities are Important and demonstarte 
the full power of .GENIE, it isHTe ,fundamen- ^ 
t^l simplicity of design and use that makes 
GENIE the successful tool that' it is. 



Authoring a Question \ 

As mentioned earlier, the GEUIEj.authof lan- 
guage is a hybrid combining the|..fonns of sev- 
eral existing lafiguages and fe^dures that are 
probably unique to GENIE. The|author language 
is BASIC-like in xthe. appearance of its compu- 
tational statements,! but adds Several non-. 
BASIC functions' fikfe 1,PF (least prime factor), 
RPN (random prime number), and'GCO (gi^atest 
command divisor; 2 arguments). There is even 
SRF, which takes two arguments, considers them 
as nui^rator and denominator. of a fraction, and 
prints the fraction in reducepl form. These and 
other functions, f)lus,,a rancfjomizing operator, 
?, make internal variation ^vfllry simple to im- 
plement. ^\ 

The sample question listing shown on this , 
page in Figure- 4 is short ^nd easy to follow 
.for anyone with a background in BASIC or 

'FORTRAN. Line 1 of this listing illustrates 
o(ie df the unique features, of the GENIE author 
language, the choice assignment statement. In 
this statement, the expre|ssion between i^. and 

' OF is evaluated to deter^iie which of the suc- 
ceeding expressions *>w1 11 be assigned' to the 
left-hand variable. Strjiigs and numeric .values 
can be assigned int^hangeaby to any -variable 

The output statement of GENI?, illustrated by 
lines 3, 4, 5, and 6 of"F1gure»4, allows full 
control over the appearance of the printed ques 
tion. VQlues to be printed, enclosed in the 
X and 3 symbols, can be formatted themselves or 
Shown in a compressed format by default.Nt With 
the exception af the use of special charac^grs 
and half-line advances, the question can be^, 
made to appear eaxactly as it would if. .typed on 



1> C - # INT(1?5) OF 'jNCH 



'Ce^TIMETERS' , 'METERS?. , 'FEET* 



2) A « INT(1?23) 

3) 'THE BISECTOR OF ANGLE A OF A PARALLELOGRAM ABCO* 
* 4) • ^BISECTS THE SIDE BC, IF AB ^ [Al tt], FIND THE' 

5) • LENGTH ^OF BC..' 

. 6) A: 'BC - C2*A] id* ' 

*^ Figure 4 

Sample listing of GENIE Mathematics library question 



a sUndard typewriter. The A: of line 6 Is 
Indicator for the autqinatlc positioning of the 
answer portion of the question ^ 

Figure 5 below gives just two of the many ways 
in which the qiie'stlon listed In Figure 4 may 
come^out on a problem sheet. 

Finaily, It should be noted thft GENIE permits 
guestlons of various types to be Included In 



Its libraries. Thus, while the, questions 
shown In these illustrations harve all been ' 
coriq)utat1onal In nature with the correct 
answers given,. they could Jt^t as well have 
been multiple choice, fill-in, or essay. Ttie 
answers may be supplied or omitted at the 
authoring teacher's discretion. . 



Experience has shdwn that teachers unfamiliar 
with GENIE and, 1||^fact, new to progranmlhg, 
can become competent and comfortable In ai^thor«- 
Ing questions In a couple of days. 



THE BISECTOR OF ANQlE A OF A PARALLELOGRAM ABCD 
BISECT^ TH5 SIDE BS^ 'IF AB - 10 CENTIMETER'?. FIND THE 
LENGTH OF BC * 



BC »■ 20 CENTIMETERS 



THE BISECTOR OF ANGLE A OF A FARALLELdW^AM, ABCD ^ 
BISECT6-THE SIDE BC IF AB - 11 INCHES. .FIND IHE 
LENGTH pF EC 



BC » 22 INCHES 



Figure 5 

Sample problems produced by the qi(estton. shown In Figure 4 



Summary , * ^ ^ 

As has been shown, GENIE Is a flexible, yet • 
slmpl^to-use, system for producing conip.uter- 
^generated pro^lerq sheets. It Is useful In . 
a wide variety of mamiers and In a wide variety 
of. subject areas* While the Illustrations In 
thjs, article have ^)een drawn from a Mathe-* , ' % 
matlcal setting* teach^ In the Nlles high . 
schools have developed libraries In Chemistry, 
Physics, English, and Social Studies as well. 



The GENIE system offers this range^gf appli- 
cations on a very small computer (the original 
design runs on a Digital' Equipment Corp. PDP/8 
with. 24K of core). This makes It economical 
enough for Individual school districts to'devel*- 
op and support their own question libraries, 
while haying others to share from. This ability 
to^exlst 'ln sn)all computers, with all the ad- 
vantages thjs suggests, means GENIE should 
find a' comfortable home In many educational 
comnunltlesr 



{^te: A large portion of the Mathematics library for the NUes schools was developed with the aid of 
funds from the- Illinois Office of Edii'catlon, Gifted Clildren Section.'* / 
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ABJ-TRACX: The art of teaching has advanced with modem techniques but there will always be some students 
who have great difficulty learning certain mathematics concepts. It has been found ttjg^t, just like some 
children ^/ill accept love from a puppy but not from a human, some students will accf^pt certain principles 
•ufily when demonstrated by a computq.r. Examples are given to show that a computer can, get weak students 
tu do their workshop drills, can impress certain rules and procedures on students, and can provide quant i- 
tie^i .uf i^iata when needed. Background conditions are given to assist readers in relating the^ problems des- 
cribed ta th^ir o\m situations, and comments for further discussion are offered. 



You have all fought the pitblem of, trying to 
explain a complex relationship,* using nothing but 
a chalkboard. If the relationship is essentially 
a dynamic one the only way to show it on a static 
chalkboard Is t6 make several drawings — a time- 
consuming procedure / 



And what about those student's who canijpt 
understand new material because they donH under- 
stand basics? They n^ed drdll, drill, and more 
drill in basics; they have had ample opportunity 
to work problems but» th^y^an never bring them-* 
selves to open the 

We ijav^^^ound a synergistic arrangement — 
our smalicXomputer Club and our regular mathema- 
tTca^^asses t^oh provide something pt benefit 
Us^he other.' The result 1$ greater than the 
/sum of the parts. The arrangement is quite 
/ simple; Computer Club members sometimes visit one 
/ or more classes to describe a topic or to 

, demonstrate an .application- — other times an en- ^ 
tire class or part of a class goes to "the Compu-' 
ter Ropm to observe a demonstration .or for a 
'hands-on') session, \ 

^ " The original purpose was to generate inter- 

\est in the Computer Club to maintain membership. 
/ As the club continued and I'ts members, in learn- 

ing to use the computer, improved their general 
V math knowledge, -they started helping other 

student^s^. The bilateral benefit became a fact 
as interaction between the Computer Club and 
regulai;^ clas3e*s "benefited both. 

After setting tlie stage with some background, 
VVl give, a few example? that will be of interest 
^ to everyone. Then there. will be. som^', suggestions 

. foV others, to. baild on and, firxaily, there is a 
• ^ "^look at other possibilities'. 



BACKGROUND CONDITION: 



First, a description of the situation and^ 
conditions we -are talking about, so you will be 
able to relate ^the problem and solution to your 
own situation. Y/ith this background you can de- 
termine "the degree of similarity, and you ^an 
arrange whatever adaptations are bes^. • 

The Bishop's Schools are a fairly small pair 
of girls' and boys' lndependent*^chocJls^, grades 
7 through 12, Total enrollment is ^^00. A couple ' • 
years ago -we acquired a Monroe Model 1666 desk * 
top programmable calculator, and Immediately ^ 
built a Computer Club aroOAd it.' Club' members 
first gpent their time lemming to use .the 
machine in all its modes — as a keyboard calcu- jf 
latpr, using a stored program entered fferf ^e , 
keyboard, and using h ^stored program enter,eaby 
way of punched cards. After they learned to use 
the machine, club members began seeking wa^ to 
put their abilities to use. . 



Our upper school offers, in addition to 
various arrangemer^ts and XJomblnatlons of two 
years of algebra and one*' year of geometry, a 
year* of advanced aigebra and a yoor of^ calculus. 
It c^ be seen that the small sl^ of our student 
body (which meaiis a small senior class), puts ^ ^ 
limit on ttie va^rlety of electlves which can be 
offered in the Math Departrrfent. Addtti;)n of a 
computer cfourse would have strained Iregistrat Ion' 
in other classes to the points where our already 
small classes (many cila^ses have five or six ^ 
students, and twenty is the absolute maximum) ^ 
could not be Justified. Therefore, a Compute^ ^ 
Club for those Interested was the right ans^r - 
for our situation. 
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WORKSHOP 

The^first opportunity for club merribersf to* put' ' 
their abilities to use w4s a -mathematics workshop 
in, basics. There^ always sefem to be so^. student>s 
^who' were absent thf day their classes were taught 
to add, , multiply, subtracft, and divide. Those same 
individuals -are r^t IflceTy to be the ones who would 
.take a book and work problem after problem until 
they learn the skill. ^ That's^ne of the reasons / 
why they are lacking in basics today. But working 
with a computer -it* that*s;5om"fething else againi 
They have to sign up for a turti at the computer 
to have- th6 c(jmputer give them problems and check ^ 
their answers. / . 

Say a student wants to practice addition bf 
whole numbers. A club member loads the cbmputer 
frQm a set of punched cards and then the computer 
and the student wHo needs help' do all the rest 
> the^elves. The student first enters the upper ^.^ 
an# lower bounds of the numbers with. which he 
wants to practices addition and then a built-in 
random numberfcgenerator selects the first problem 
to be printed. The student punches her answer on** - 
the keyboard; if it*s right the computer prints 
out the next random problem, if it's wrong an . 

• error message is printed and .the student tries 
again. The random number genei^'ator can produce 

* \without recycling more problems than anybody 

would -want a lifetime. v 

There is a similar program for giving prac- 
tice in subtraction, and it^ can be arranged to f 
give problems with positive answers only, or to 
include problems Un which a positive subtrahend 
is larger than a positive minuend. A wider range 
of practice can'be obtained by 'using the. addition 
. prograja described, and^ehter ne^dtive lowe^ bounds 
for jnunitoers in the problems resulting in a mix- 
ture, of both arithmetic and algebraic addiifton. 

.In the same way, students can ask club mem- 
bers to 'load, a program for giving them multipli- 
cation and another for division prdblems. There 
are also programs Cor giving practibe working 
with fractions. 

« • < • 

' Students work the simplest problems in their 

lieads. For others they are encouraged to work ' 
the problem on paper and theh enter the answer 
on the keyboard. In addition, after the machine 
' prints out a probleifi the keyboa:^d ls*'availabli5 
for use as a calculator; the student' pan work an, 
entire problem, or one, step, or a groUp of Steps 
on the keyboard, ^ This feature is important 'be- 
caxj^e the reason some* of 'the students need this 
help .is that they never memoriaed their multipli- 
catioh tables completely and accurately and it 
is common for them to make the same mistakej 
every time they try a certain- problem. As meh-.r 
.** •'tloned,' if the Wrong answer is followed by the 
, -CONTINUE button, machine^^hd student stay in a 
loop and never move on to the next problem. 

The point is that some students, wh6n 
opening a workbcfok and seeing pages and pages 
of problems hav^f^ill they can-do to forc^ them- 
selves to spbnd a bit of time on them. These 
^ . . are the students we. especially want to help. 
A large number of that subgi»oup will Cind new 



interest in«learning basics i^a computer gives 
them problems' and checks their answers. 



PRECISION f 

t)n^hij:^* our classes learned from club mem- * 
bersHs^ftat when a procedure i^ to be implemen-^ 
ted literally, w^ithout benefit of common^ sense*, ' 
it»s necessary that the procedure^ be pree^.se. It 
is so easy to get into the habit of . sloughing • 
through steps .without really understanding what's 
correct and wrong. -The human mind is, correct a 
surprising percentage of the time when it grabs 
for something that "seems: right";* when* it »s cor- 
.rect a given percentage of tiiness its hosti ^passes 
\he course. ' • 

After Computer club members didjjnough pr.ov 
gramming to apjjreciate "^he need for precise 
thjnking, thejr'talked to classes and entertained 
them'with tales of .their own frustrations in -de- 
bugging a program, students gdt quite involved. 
, in the explanations and we^e pleased when they 
couTd spot errors such as "forgot to reset the 
counter before beginning a new series," or some' 
similar' oversight. * Some club^embers are quitfe 
good at leading the class to •^find" the errOrt 

For a related situation, c<>psider "Shat .old 
familiar error of saying that the square root of 
a^ + b^ is a+b. fhis error persists without ' 
limit in spite of explanations, brainwashing, and 
low^P'ades.^, Strangely, some students know that 
the square;; Vdot of 3^^^. ^2 ^j^^^ 
even go through^ the steps correctly, but they 'so 
• often follow the wrong' procedure when us^ng ^ 
symbols or" other numbers. But let a computer** 
point out that one procedure is ^^ng and ort§ is - 
correct ... I • 

/ Her,e*s what happened. Under guidance ^bf 
Computer ^Club members , some class members wforked < 
vlp a'fiowrchart which properly squared, added, 
and then took the square root, as shown in 
Figure 1. At the same time some studehts who had 
just (for the hundi'edth time) written 7 as the , 
equivalent of the square root of ^2 ^ ^2 
helped to prepare a flow-chart wljich would caus<3 
\ the computer to ^follow the same -steps they had 
taken, .as shown in Figxire 2. "The redlculoushess 
of this process , Was immediately^ obyioils to soihe 
student^, and tKiey learned their "error without 
going any further . > , .... 

* , Club members "ttien wrote progr^s Xnd came 
back at the next class meeting to Explain how the 
program steps /^pllpwed the steps l*n the flow • 

. charts. EVeiypne went^to the ^ Computer *R9om where ' 
the progr&ms were loadijd along with a framework 
program, that directed' t^e'computer to accept a ' 
yalue of a fi^pm the keybo^aM, print It^ accept a 

'value of ;F»from th6 keyboard, print it, print, the 
answer by the process of Tigvjre 1, print the 
answarby the process of Figure 2, and return to 
accept a new*value foi;a. 'Studenis tbok turns 

. entering a's and b»s. li ffiW'entered Just one or., 
two pairs'and 14f7-blit'by far most of them enter- 
ed many*, poany pairs. Almost all took *the printed 
answers along am apparently looked them over be- 

" cause several students made Comments when we met 
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figure" 2. Flow chart. jof incorrect .process that many students use. 
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, That same square root problem was buried Ui 
a routing test a month latar and no one (not one) 
made the same old error. 

i ' . 

Of course, the students could go through the 
same procedure manually. They did, many times. 
And they undersl^ood when the error was pointed 
out. Many had A'orked the expression both ways 
on a hand calculator and understoo'd the differ-- 
ence. But the error persisted. It seems therQ 
is magic in having a computer, -show the differ- 
ence between right and wrong. 

It is interesting to note that most stu 
dents would y first enter numbers such as 3 a^d 
^'for a and b. Then they would try pairs wh^ch 
were not necessarily Pathagorean numbers, sujh 
as 8 and 9, or 20 and 30. Finally they woul j 
enter numbers they would never try manually, ; 
such as 7628495, or 5.194736. Perhaps it wa ? 
the computer's ability to handle these numbe:|s 
without a pause that earned it the student's | • 
respect. &)metiii^8 they entered the same pa:|r 
several tiijbs, a^ if to see if the computer wps 
just guessing and might not give the' same answer 
repeatedly. 

« • 

, Admittedly the computer was Just giving 
numerical ' examples — not a rigorous proof. It 
is better for overall understanding and applica- 
tion if the item learned is understood from a 
basic proof. * But the proof had been given and 
those who were inclined to understand did so; 
for the Others the choice was learn from numeri- 
cal examples or not at all. ^' - ' 
» ^ - > ' ' ' . ' . .« ^ 
Alortg the sanse lines ^ misunderstandii^s * 
regarding signs .were eliminated, leaving the 
%only sign errors as those due to plain slbppi- 
ness. The background was the same — students' 
had been not quite sure of th% procedure and 
were, getting by (rather admirably) with a high 
degree of -Judgment . — ^ 

The method was different in that only the 
correct prooedure was flow-charted arid program- 
med. Class members made up problems and, with 
the help of club menibers, 'prepared flow charts — 
club members wrote and explained pro-ams, allow- 
ing for. keyboard entry of variables^. A^typical 
problem would b^ such as: 

X = a+b - c + (d+e) - ( f+g)+/jr+i-PPl£+l-m)7 

Some problem^ were simpler than this ^ and some in- 
cluded fractions and exponents. 

Students prepared lists of values to give 
the letters — some positive and some negative, 
and then entered those Values* , We had some in- 
teresting sessions showing why ^the computer's , 
answers were correct, but in the end thf stu- 
dents believed and learned the rules and proce- 
dures* ft^en the computer told them that 5*- minus 
a* negative 7 is 12, they were convinced ♦ 

And then there is parentheses and grouping. 
* Club members wrote ^programs^^to demonsj^rate dif- 
ferences such as between ab and (ab) ♦ Al- 
though, they werfe simple programs, they benefited 



club members and class members alike. Others- we 
looked al included _.-l an4 §i/b + c. 
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FAMILIES OF CURVES 

So;me students had difficulty in grasping t{ie 

total significance of a' change in the constant in 
equations such as ^ r 



or y = k log x 

the standard way has been to make up a table of 
sets of X and X P^irs, calculated while holding 
k at a certain value. Then, make Up another taWe 
of pairs while holding k at another value. To^to 
this for 5 or 6 values of k, and then plot the I 
points and sketch the curves with a reasonable fle- 
gree of accuracy on a large chalk graph, required 
that an "entire class period be set- aside^ Or, the 
teacher could take the finished product to cla^ 
and make a brief explana^J^ion" of how it was pro- 
duced, the .disadvantages of either choice are ' 
obvious and, worse of all, a significant number^ 
of students still missed the concept. . 

But, once again, the computer worked its 
magic, and reached Just about evibryone, and it in- 
volved very Jittle deviation from, the standard 
approach. First, the students heara a standard 
explanation of what we wer« doing and then they 
were shown howtKe computer would calculate X-Y 
pair? for given values of k. Next , a preplanned 
program was loaded* and the'"computer was put cto * 
work printing out -a series of tables. ,A sense 
switch aH'owed' us to choosy either to enter in- 
cremental values of ^ arid x (and then the whole 
serine of tables would be Finished automatically), 
or TO coiild enter a k fpllowed by selected values 
of X' until we sent tH"e program back for another 
k. After *the tables were printed, students plot- 
ted the points quickly, -accompanied by nods, of 
understanding f?om the othersT » 

Then, using both table and graph, it was 
pure pleasure to explain ho* to work, "If jr 
varle? as the inverse *of x, and .if y is 12 when • 
X is 25, what is x when y is 24?" Suddenly there 
^s meras understanding of the fact that any parti- 
cular pair of X-Y numfeers^ is found at Just on6 
place on the graph,, and the graph Tor only one 
veflue of k goes through that point. ^ 

Of course, they could have seen the same 
thing by calculating the tables ^themselves o*r by 
accepting tables the teacher or someone had cal- 
culated. They could have seen it, and njany did, 
but-when the computer talked, everyone listened. 
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GAMES 

The first reason for introducing oompu'ter 
games to the, atudents was. Xo .ganerAte interest *in 
the Comp\ite]^ Club* It worked 'well* 'But a more 
important benefit turned out to be that.inany 
students ^egan to look forward to talks from club 
members on what new game they were developing* 
Usually the students were not ^interested to the 
point of Wanting to learn io program such games, 
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bai they were fascinated by the id^a of playing 
gasies TPit^ a nachine. And *hile being fascinated, 
they happened -to pick tip a few bits of iaiowledge 
during those talks of what others had accomplished 
on the co!f5)uter. 

' • Th€^.al9o learned a lot about io'gic and rea-. 
sor.ing^ ^ror example, one of the simplest gases 
is, "Guess a ruinber." In this garse, one player 
enters a nuaber .and then .the opponent makes 
guesees; with each guess the coniputer tells the 
guesser vfhether he is too high or too Ipw. 'Alien 
•vhe c'o^rect number is guessed, t^e computer tells 
r;any guesses it toqk and then returns for, the 
first player to enter a new number. The point is 
stjdents quickly learned to, minimize their 
>es by eliminating large blocks of numbers at 
::e. They also. I'earned, when entering the 
n'omb^r to be guessed, to try anticipating the 
strategy -the other player would use, andf to avoid 
niLTbets that would be the midpoint of a logical 
block of numbers. |^ 

o'e progressed through more complicated games, 
each [demon str at ija some par^iculajr point, aid each 
tea^ning something as a side benefit. 



that 
g^ues 
a ti 
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Programming of tiQ tac toe was /'quite a 
lenre on this small computer and therefore 
one in'/olved 'learned a considerable amount ^bout 
strategies and about programing. Those whq 
^rorked on the program became unbeatable whenever 
•they played a conventional game of tic tac toe. 

A very important topic learned from this 
game was the use of literals. Since our computer 
does not have matrix subscripting capability, we 
used powers of two to represent each of the nine 
locations. Therefore", any given sum of literals 
representing occupied spaces uniquely identified 
the combination of occupied spaces. Once they' 
learned how to have the machine identify the 
spaces Occupied by itself and by the human player, 
the club jnembers were able to comple teethe pro- 
gram so that the computer would find^ in its 
memory, the correct move for eyery situation. 

It was a very simplistic approach, and the 
computer didn't learn a thing — but the club ^ 
members learned a considerable amoui\t. , Besides-^ 
learning the difference between numbers, as "nian- 
erics and as literals, this game taught them how 
to think through a strategy. And our Philosophy 
teacher was interested in some discussions on 
thinking that resulted. Students get to -seriously 
looking into the question of following specific 
instructions as opposed to following policy in- 
structions. )lany of them stared questioning 
their own thought processes and there was a per- 
ceptible jump in t-he number of students who 
sought a basic understanding of what they were 
learning, rather than trying to memorize a set 
oC steps to follow. The benefits of programming 
this game were* no^cfed in all departments. 

COMCLOSION, ' 

Just the a^me as we* see pJople of all age$ 
say, "I wouldi^t take that fron him" when we 
know they would "take it" fronJ another person, 



we see students bpening their minds to an explana- 
tion when they see that a computer has accepted 
it and operates according to it. 

There ds a bilateral benefit to having 
Computer Club members help out in regxilar clas^e.s. 
It Is clear that regular classes learned from 
these interactions. In addition, many good ques*' 
tions were asked during club presentations, and 
the club menbers learned to say that' valuable 
phr&se, "I 'don't know but I'll find out and let 
you know." They learned to say it and they found 
out and rep-orted back. Each group triggered 
something in the other group. Of course, the 
Computer Club members benefited the most because 
th^y were generally members of both groups. ' 

Our big limitatioh was the ca??)uter's cap- 
abllityl If it worked- in a simpler language, 
mo;;t students could have learned to write their ^ 
oWn programs and could have gained considerably 
□ore out of the entire exercise. The relatively 
small amount of storage limited the types of 
programs, especially gatr^es, 'that could be used. 
On the other hand, liclted capability causes the 
programmers to examine alternative procedures 
and to learn to optimize programs. It .also leads 
to ^some discussions and investigations on what 
could be *4one with additional capability. 
< 

Regarding the workshop programs, more cap- 
ability wou5.d definitely, be of benefit in allow- 
ing for diagnosis and instruction subroutines. 
It -would elsp become possible "^o keep c^unt of a 
student's errors and to work some statistics on 
improvement rate. 

A school that has an X-Y plotter should find ' 
it interesting to. let students see points as they 
are being graphed at the^same time they are being ^ 
calculateci. The significance of. each step mighty 
reach some because of its immediacy. -However, 
the number watching this live on-line action would 
have to be limited, and there might not be a net 
g^in when 'considering the time lost- by having to 
rerun the graphing repeatedly for smail groups. 
Having a student or teacher do ^he graphs on an 
overhead projector or a large chart for an entire 
class did not ,seem to have enough 4rav;backs to 
say that the lack of an X-Y plotter 'was a serious 
problem. ^ *' ^ 

Improvements can always be made, even with^ 
out adding capability. In the workshop programs 
mentioned earlier, perhaps an "I give up" rou- 
tine wpuld be worthwhile — provision for the 
student to admit he's reduced to guessing so that 
the computer can give the correct answer and get 
on with the next problem. 0/ perhaps it could 
>jranch automatically into this routine after a 
specified nuiribeV of errors^ are made on any one 
proSleffi. 

One pitfall to watch out for when membeflj|r of 
the-'Computef Club are explaining a program to a 
regular class; there is a tendency fOf a student's, 
interest to manifest itself in a barrage of ques- " 
tions that, on examination, go into) inappropriate 
"amounts of detail. Club members] are" glad to an- 
*swer such questions but nothing Is /gained if the 
answers do not really lead to a pl/arer under- 
standing of the method. 
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Even though there are no doubt other improve- 
raents that could be cade, the idea of -using a Coo- 
puter Club lo coipleiDent regular nath classes seens 
to j^eld the benefits expected, plus several side 
benefits. 
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ABSTRACT: With the adverjt of low cost graphical lisplay devices, ^t is now possible to purchase at 
reasonable cost (under $30,000) sufficient compjit ir power and peripheral devices for the generation 
and manipulation of 3-D images. Using a staad al )ne system of mini-computer,^ digitizer and cassette 
auxiliary storage devices, envyronnfental design sjtudents experience form generation In a more 
comprehensive and expeditious ananner than is passible using conventijpnal studio methods. A variety of 
computerized form generation techniques are discus^d. 



One of our responsibilities as instructors of 
environftiental design, which 'covers frive degree ' 
programs (Architecture, Architectural Engineering, 
Landscape Architecture, City Planning and 
Construction Engineering), is instruction in basic . 
principles of three-dimensional pro, iction and 
form generation. These principles i -e directly 
\nterspersed in several of our intrqluctory courses 
and subsequently applied ip many oflthe advanced 
courses. At the introductory Jevel,ia great deal 
of emphasis^ is place^d upon students acquiring a 
proficiency in spat.tal perception. This instruc- 
tion is of critical importance in environmental 
design education since most building design or 
urban design problems are associated , with the 
definition, shaping, grouping and description of 
three-dimensional forms. * \ ^ ' , 

The approach used to deliver, three-dimensional 

• projection ir\struction is to ^tart by examining 
two-dimensional 'views of solid objects, and to 
have the student describe the objfeotSUthree-^ 
dimensionally by the use of conventionaT isomfetric 
and perspective hand drawings. The student th%n » 
finds out if his perception of the object is 
correct by submitting his solution to an 
Instructor who evaluates the stud^t's work* 
Subsequently, the student'is provided with an 
opportunity to comp^are his work, with'tliat 
produced by his colleagues as* well as, a Correct 
solution obtained ffom the instructor. \^ 

J Unfortunately, this procedure Is subjected £i^a 
time delay of usually four or five days before^;, 
the student receives the desired Instructional*' 
, reinforcement from the Instructor's evaluation. 
It is most ImjJortant that this time delay be 
reduced to a minimum. If the Instructional 
Reinforcement .could be received |3y,the students 
qujckl'y, the Imojact wouldf enhance" ihe* thf els- 
dimensional visualization Ijearning- process. To 
accomplish tWs end by placing /the responsibility 
of instant fee.dback on the insiructor is limiting « 
In that It 'requires the cour^^ material to be 
restricted /to a defined set' of problems., all of 
which ha vej master answer sheets. However, in 

• order to ^Ve the course some decree of 



flexibility in content, it^is desirable to make' 
changes in the problems each school ter-m. « / 

Another negatl-ve feature^of this process is 
that when the student mechanically describes a 
three-dim^sional form it is usually with only one 
view of that form and by l^is it is assumed he has 
mastered a visualization of the object. It may be 
the case .that much of the form hidden from view or 
only .partially in view is not understood and quite 
IjossibJy the student chose a particular view 
Because it was the only one he could draw 
accurately. 

An effective solution we have found to the 
problems is the utilization of an electro- 
mechanical drawing device composed of a digitizer 
connected directly to a programmable jpalculator 
which Is in turn connected to a digital plotter. 
This configuration is capable of converting two- 
dimensional drawings into three-dimensional images. 
Students then check their work directly against the 
solutions provided by the device. It is the nature 
of tfils type of electronic system ^developed that if 
requires 4 •person ^o trace the appropriate lines in 
the two-dimensional views before a three- 
dimensional image can be obtained, which is a 
similar process to tlve conventional mechanical 
technique where .we require the student to redraw 
elevation views to familiarize himself with the 
object. As the student traces a two-dimensional 
line. Its three-dihtensional counterpart is 
produced. Accordingly, the studertt recognizes 
Instantly whether the correct line Is being traced 
as the three-dimensional image emerges. If the 
student has any innate ability to think three- 
ilmensionally, this reinforcement will improve his 

llity considerably. It aVso j:vu1ckly exhibits 
viM)*l2at16VdfeffcTenc1e5. • * , 

7 ■ " 

Aftehjnvestigating many manufacrturers of 
programmable calculator equipment flesired, we 
found at tlm time (mid-1974) thal^he Hewlett- 
Patckard would be most cost effective and satisfy 
our needs for, single station use. The' Items 
purchased were as follows: 
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ITEM 1. 9830A Calculator: 

• 

This item was chosen because it^sed a standard 
programming language and subsequently provided the 
students an opportunity to learn a standard 
programming language as well as make HJse of the 
graphic capabilities of the device, Th^s capabilr 
ity also allows the equipment to span into other 
areas of our insltrucfional program when not being 
used for the application describedMn this proposal, 

ITEM 2. 9866A Printer: 

The progratmble calculator" required pre- 
, programming 'for various applications, this 
« programming was not extensive because of the 
simplicity pf the programming language. Adefluate 
progr$ns for this application can be written in 
one day. It was essential that a printer be 
, provided wUh the calculator to obtain listings 
' of programs as they were developed. 

ITEM 3. 9864A Digitizer: 

This equipment serves ^as the' input device for 
coordinate information. « 

ITEM 4. 9862A Plotter: 

This plotter was chosen for this ^Jroject for 
the following reasons: 

1. It provides hard copies which are required 
for review by the instructor. 

2. It interfaces with the 9830A calculator 
with the maximum simplicity.' ^ 

3. It does not require special- paper. 

ITEM 5. Option 272 - -Read Only Memory: 

This provides the interface between the vitrious 
components. ^ 

This entire package was ijnder $20,000. 
' Approximately 300 students have required projects 
* on the system throughout the ac^emic year, plus 
there is use by a great. many students wRo have, the 
option of using this equipment for three-dimensional" 
projects 'in advanced courses. Attachment 1 provides 
a brief users • manual for the basic perspective 
generating system^ 

Figure 1 is an example of a typical plan- 
elevation to three-dimensional translation 
performed by a beginning student. ** • 

More advanced uses include the making of ^ 

animation movies*(see Figure 2)^This is 
. accomplished by picking a series of view points 

that can sequence a viewer through a scene. 

Photographs are then taken of the individual -y 
- frames, then the photographic sequence becomes/ 

the movie. /. 

A third major use is jfn basic aesign . 
investigations.* A comnon IntrbdiJCtory problem • 
Is the concept of form cfeneration based on 
abstract unit growth which requlfes that 
repetitive primary unl^s be Interrelated in such 
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a way that they establish logical patterns 
determined by sets of established rules. Growth 
concepts are tested on the system by a repetitive 
design program which allows the user to define a 
primary unit—any three-dimensional form— and 
attach another primary unit to any edge, surface 
or point on the original unit and continue to 
repeat this attach process. As this procedure * 
takej ptece, the entire object can be rotated 
with the perspective program thus achieving 
rapid form generation and visualization. 

Two deficiencies can be noted in the ^stem. 
First, because of the number of students Involved, 
the single work station, concept is confining. We 
are in the process of expanding. .Second, when 'it 
is necessary to make several plots, either to ^ 
achieve the proper angle of view desired or £o 
group objects into scenes and produce an . . 

animation sequence; there is a short waiting 
period- for a number of drawings to be generated. - 
This plotting problem could be eliminated, at a 
considerable expense, using a refresh type • 
cathode ray display, which is capable oT ^ 
j dynamically regenerating views, instead of the 
\ plotter. But this eliminates the hard copy 
; output which is necessary in a student environment, 
i ' ' . • • 

' This system has generated a good deal of student 
'enthusiasm. They gair> insights about perspective 
which can only be acquired through more tedious 
exercjses. Plus^, they have ^he possibility of 
producing foftn animation 'arid growth generation 
drawings that would be" impractical to produce in 
any other manner. • ' ♦ 
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ATTACHMENT 1. 



ABBREVIATED PERSPECTIVE SYSTEM MANUAL 

INTRODUCTION . ' • ' 

This manual is intended for^use by students * 
and faculty in thfe operation of the perspective 
'P system. The system consists of- a Hewlett-Packard 
\ 983CA talpulator, a 9862A plotter, a 9864A 

digitizer^a perspective system^passette and ^$ata" 
file cassettfes'.' * '^'v 

Each data fi\e tape is 'capable of storing 45 
<^ 'separate objects with op to TSl) lines each. A's 
each object i% stored op the^ ?at*jLta2*e the user 
is aske d - fo r o protect code which will assure that 
no subsequent user can copy over that file. When^ 
a file is copied over, all of tfie j?revious 
ijifonnation is f-eplaced by what is currently in 
j tJhe ^ata portion of jthe calculator's mfertory. 

Cbpying is accomplished with a STORE commahd from 
tpe digitizer's mebu..' 

OPERATION . 

ThB function -of .the perspective system is to 
iallow users to trace plans and elevations on the 
digitizer, aftd h^ve the lines they trace' 
translated ipto perspecti¥%«-on the' plotter, the * 
first step iti the procedure is to alien the plan 
drawing in the proper orientation for the view 
that is desired and to place the- elevation on the 
^ ground line. Theplan drawing must lie entirely 
withi,n the range o^ the tv5a^l'ines radiating from 
the eye station. N 

The fpliywing figure i]lustrates a standard 
chart that/consists of two sheets and Is taped to 
)<g suri*t:e of the digitizer. The drawings should 

under th*^ standard chart to give the 
digitizer cursor a flat, dbstruction-f ree surface 
to be fnoved oh. The* cursor must remain close to 
the fllgitizer surface or it, will lose Us 
reference position and^ft-beep-wi-H' sound. If 
'this occurs, the cursor's position can be easily , 
reestablished by placing it^^t point "0" on the " 
charj and pressing button^"<5.'" 

START-UP PROCEDURE • 

1. Hurn on the calculator, plotter -and 
digitizer. . 

2. Insert the perspective system cassette. 

3. Press "LOAD"; after |-t 'press '-'REWIND." 

4. Remove the system cassette and insert the 
datattape. . ' 

*, " 
- 5. Press "RUN" fol.lo\ied by "tXECUTE."" ^ 
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The calculator should respond wl* "SET 0 AT ORIGIN 
AND EXECUTE" shown on the dlspjay^^nel . Next the 
cross-hairs of the cursor should be'moveci to the 
Intersection of the picture plane and the center 
of vision on ttje digitizing surface. Press button 
"0." If it Is not already on, the red light on 
the cursor will light up. The next 'step Is 'to 
press "EXECUTE" on the calculator keyboard'. This 



'shqulxi oause the message '^BEGIN DIGITIZINP ^FTER^ 
THE BEEP" to appear on the calculator display. 
The Screen will, go bl^oK when tjie calpiilator is 
wditihgfjj^qr an entry from' the digitizer. 

. / •n - 

OfiERATION^ i 
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jfl^The vser decides upon what operation he wants 
?the<9y§tem to perform, tommandsare given 
-throu^ the digitizer curso^^ from the plan of 
elevation for drawing jjperations, or from'd menu 
at the'lower right corner of the chart.- Sorre 
comnands (e.g. , 'rotation^ picture plane niovement 
and -height of viewer) are entered through the 
calculator keyboard (with the exception of the 
STOP c'ommand). fhese commands are "asked for by 
a pessage^dis'played or^the display screen. 

RECOVERY 

^ If at any ^ime the uSer wishes to interrupt 
the^ system, ^he can^dO scrby pressing "STOP." The 
procedure for continuing the operation at a place » 
where the system will ask for further instructions 
is "CONTINUE 100" followed'by "EXECUTE." ' 

INSERTING DATA TAPES 

* It is not necessary to turn the calculator off 
to insert -a different data tape; The procedure 
is to place the cursor on the-bottogi'box of the 
menu and press "S" (a labeled button on the 
digitizer cursory. After the tape has rewound, 
exchange it with the other tape and pres$ "RUN 
EXECUTE.'.' 

DRAWING PROCEDURE ^ ' " ^ 

First, be sure that paper Is on .the plotter 
bed and the chart hald button is dov^n. \f the 
drawing procedure is' begun directly after the 
calculator displays "BEGIN DIGITIZING AFTER THE, 
BEEPj"_no picture. pjane movement or eye height 
infonnation -will have been entered. In>this case, 
the calculator will establist^ the picture plane 
five inches away from the viewer and his eyej 
three inqties above the ground at the sca^ of th^ 
chart. The user has the option of stjjAfng the 
drawing by placing the cursor or e,it€er the plan 
or elevation^ If he chooses the e'levStion, 
nothing will happen at the plotten," tut the r^d 
light on the cursor ^iH blink when he presses 
the "S" button on the digitizer, - This tells him 
that he has made an entry to the calculator which 
t^lU it the relationsfiip of the ^lev^tlon of the 

.point to the sccrurTd. If he then takes' the cursor, 
to the plan view and presses the '*5" button on ^ - 
the digitizer, the plotter arm will move the pen' 
to the prog^r place on the' plotter bed and set 
the pen do*/n. If he^nwves the cursor to another 
point In plan and presses "S" a Tine wi^l be 

-drawn-in perspective parallel to the ground at a 
dlitance established wljen "S" wai set at the- 
elevation. If "S" has not been initially set .fft 
the elevation, the llne^wlll be drawn on the 
ground. * ^ * • 

'To draw vertical lines the cursor Is taken to 
the elevation where the height ,1s reestablished A 
and then back to the same point in plan. Tp^ draw 
S:]oped I4nes the cursor Is brought back to a / 
different point In plan after the height has b/en • 
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reestablished, , * 

To .90 tp'a new pojnt without -dra^/lng a line, 
tKe- cursor ^s taken to the "REff UP*' bo)^ ort the menu^ 
and "$'" is' pressed. -This action lifts the pen. -It 
wilt remain raided untif it has been repositioned 
to a new point on the drawing, at which time it 
will go baok down. * ». <^ ♦ 

If t^f^ user makes a mfstake, and draws a line 
he does rfgit want, he can move the cursoi: to the 
yilin LINE" Box on, the menu artd press V'S/' ^ 
The pen wfll raise' and Jse repositi,onedr at the «' 
start of the deleted linQ. Tjiis Jine Vill be 
relnoved from tjie data file.? , i \ 

, STORING DATA FILES ' ' 

' / 

At ail^ tflne*1^ thft^drawing operation the tlata 

•created by the^user/can be stored oh the data tape. 

This is (ione by*s|/ting the cursor over the ''STORE" 

bo/ on'the menu and pressing "S." The -calci/lator 

will ask fori t'he fite number whicfi is' to be k^yed 

in at the keyboard.Alf the filfe is open, that is, 

if its protect ^fade lis 2e^o, the' calculator will 

ask for a new pirotedt code anc) store the data. 

Protett codes are ary four-digit numbers. If the 

file has*already beqn assigned a'protect code, ^ 

the user must be able to key it in when asked 

(before the calculator will store data in that 

frle)/ Storing data into a file completely 

erases what was previously there and replaces it ^ 

with everything currently in the data portion Qf ^ '^ 

the calculator's memory. ^ 

LOADING WA FILES ' . . • . 

.-i ' i * ' 

JHe "LOAD" instruction 1s used to bring data 
that. has been previously stored back into the 
calcula'tor's memory. Bef<!Jre new drawl njg data can* 
be added to the data set, it must be redrawn or . ^ 
repositioned as discyssed in the following 
sections. ' ' * 

SUMMARY OF' COMMANDS USING THE DIGITIZER AND THE MENU 

PEN UP Raises pen . 

^ ^ ' . • 

DELETE LINE - Removes the last .line drawn'^frbm the 
.data $et and repositions the pen to 
the start' of the deleted Jine. ^ If 
the last command was a PEN .UP corniiand, 
."S" on the digitizer should be . ; 
pressed twice. * * * ' 



RESCALt I -'^I^escales all -the values in- the <fatj 
5ejt currently in memory by the . • 
* * ^ecifiejl, scale factor. 

RSCALE'III - Resc^l^s all the* values* in meropry * 
'^by a different. specified scal« factor 
^ *for**the width, dppth and hei^hX of, * 

• the object. • ' / 



SCRATCH - Erases the data set. 



REDRAW, - Asks for view information and redraws the 

. data set currently in the c^lcula^oV'^ 
*^ memory^ 



REPOSITION - Asks .for positf-onal, as well as view,, 
infx)rmation and redraws the data set 
. . currently in ^he calculator's memory/. 

LOAD - Brings a data set from the data tape into 

the calculator's memory. % • ' 

STORE -/Sav?s the data set currently* in the ♦ 
/calculator's memory on the, data* tape: 

• ^ / ■ • . 
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REPOSITjdifl BOUNDARY , 




EYE STATION 



(Place- elevation of object here) 
GR^ND LINE' . « 



\ ■ ; 



" ' PEN tip 


DELETE - 
LINE 


SCRATCH 


REDRAW 


REPOSITION 


• LOAD 


STORE 


'rescale I 


RESCALE". Ill 


SET "S" HEi?E 
BEFORE CHANGING 
■ TAPES OR SHUniNG 
DOWN SYSTEM . ' 



♦ STANDARD PERSPECTIVE DRAWING CHART 



